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adventurer? Do you boldly embark on new endeavours, tackling new skills
and mastering new tools? Do you want to learn how to use technology to make your ideas
burst into life? Are you curious about how you can combine computer code and electrical
circuits with scissors and paperf  or even needle and thread? If the answer is an emphatic

—yesll then thisis the book for you!



What Isan Arduino?

The Arduino isatool for building computers that can interact with the physical world
around you. You can use it to connect sensors that detect sound, light or vibration, then
turn on alight, change its colour, move a motor and much more. The Arduino isthe
magical device that sitsin the midst of all of these things. It reads in from sensors
measuring the real world, makes decisions based on that data and then makes something
happen in the real world, whether light, sound or movement.

The Arduino is usually a blue board about the size of your hand. It has white writing on it
labelling its different sections and has all its chips and circuits exposed. There are different
types of Arduino boards, and they aren all blue, but you will learn more about that |ater
in the —Parts You Will Needll section and also in Adventures 7 and 8.

The Arduino is amicrocontroller. A microcontroller is a simple computer. It can+ do many
things at the same time but it doeswhat it istold to do really well. You aready interact
with lots of microcontrollers every day because they control things like microwaves and
washing machines.

There are alot of different types of microcontroller, but the special thing about Arduino is
that it is designed for people who are just starting out. So, if you are new to code or
electronics, that-s okay because the Arduino is great for beginners. But don-
underestimate iff it can still take on big projects.



What You Will Learn

After completing these adventures, you will have learned how to set up the Arduino
programming environment on your computer and how to write and upload code to your
Arduino board. You will find out how to work with three different Arduino boards: the
Uno, Leonardo and the Lilypad USB.

You will learn basic programming concepts that you can use beyond working with the
Arduino. The Arduino language is based on the C/C++ language. This means that as you
learn how to code Arduinos, you are also learning about how programming works on
computers like alaptop or a Raspberry Pi.

Alongside programming, you will be introduced to circuits and electronics. You will learn
how to use sensorsto detect real-world signals like light or movement, and you will learn
how to generate actions in the real world, such as playing a sound or turning on alight.

By the end of this book, you will have a broad understanding of what you can do with an
Arduino and be ready to start designing and building project ideas of your own!



Parts You Will Need

It-s becoming easier to buy Arduino boardsin stores. Popular retail chains like Maplinin
the UK now stock Arduinos. Both of those stores also sell the electronic components that
you need for the projectsin this book. If it-s not convenient for you to get to a store there
are also many online retailers to choose from, and some of these are listed in Appendix B.

This section explains al the parts you need to make all the projectsin this book. Many of
the projects use the same core parts.

Of course, the most important thing you need is an Arduino board. There are many
different kinds of Arduino boards, but the Arduino Uno is the most common one and the
one you use the most in this book. You aso need an Arduino Leonardo for Adventure 7
and aLilypad Arduino USB for Adventure 8. All three boards are shown in Figure |-1.

FIGURE 1-1 Arduino Uno (top left), Arduino Leonardo (bottom left) and Lilypad
Arduino USB (right)

You will need a USB cable to connect your Arduino board to your computer. For the
Arduino Uno you need a—normalll USB cable, but for the Arduino Leonardo and Lilypad
Arduino USB you need a USB Micro cable. Both are pictured in Figure |-2.



FIGURE 1-2 A USB and USB Micro cable

You use breadboards to build circuits. Breadboards let you connect components easily
without having to use solder. They come in different colours and sizes. The larger ones are
useful for more complicated projects with lots of parts, whereas the smaller ones are good
for projects that you want to fit inside a small space. Two different sizes of breadboards
made from two different types of plastic are shown in Figure I-3. Adventure 3 is the only
project that uses a breadboard in the completed project; the other adventures use a
breadboard only to test acircuit. A larger breadboard will be easier to work with, but if
you can only find smaller ones, that-s perfectly okay.
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FIGURE 1-3 Breadboards in different sizes and colours

Jumper wires are wires you use when you build prototype circuits to try out new concepts.
They may be short pieces of stiff wire like those shown on the right in Figure |-4, or they

may be more flexible wire with pins on either end like the ones on the | eft.

4

FIGURE 1-4 Jumper wires

LEDs are a particular sort of light (LEDs stands for light-emitting diodes) that comein a



big selection of sizes and colours. For most of the projectsin this book you can use
whatever size and colour of LEDsyou like. The most common size is5 mm, but the larger
10 mm LEDs can be great fun to use too. Most LEDs are single-colour, but you use an
LED in Adventure 6 that has four legs instead of only two and can change colour. In
Adventure 8 you use something called a Lilypad LED, which is made especially for
sewing circuits. All the different types of LED used in the projects are shown in Figure |-
5.

FIGURE 1-5 Different types of LED, with a colour-changing LED on the right and below
itaLilypad LED

Resistors are a component you read more about in the adventures. They come in different
values of resistance, which is measured in ohms (®). You don+ need many different
resistances for the projects in the book but as resistors are small and quite cheap itsa
good ideato buy extra. You need resistors of 68 or 100 ®, 220 @, 10k (10,000) &, 1M
(1,000,000) @ and 10M (10,000,000) @. Figure I-6 shows the different resistors.




FIGURE |-6 Resistors needed for the projects in this book: 100® (top left), 220® (top
right), 10k® (bottom left), IM® (bottom middle) and 10M ® (bottom right)

Potentiometers are the electronic components behind volume knobs or dials on a stereo.
They come in many different sizes and shapes. Some fit into a breadboard on their own,
like the blue one in Figure I-7, whereas others need wires soldered to them that can
connect to a breadboard, like the onein the middlein Figure |-7. Larger ones are easier to
mount in a project and may be called panel-mount potentiometers.

FIGURE 1-7 Three different types of potentiometer




A servo, shown in Figure -8, isamotor that you use in Adventure 3.

FIGURE |-8 A servo motor

Buttons are another component that come in many shapes and sizes. You might have never
noticed this before, but there are many different kinds of button! All the projectsin this
book use push-to-make (the opposite of push-to-break) buttons so those are the onesto
buy; aslong as they are push-to-make, you can use any kind of button you would like.
Tactile push buttons are very little buttons that fit in a breadboard, so they are good to
have when you are testing your circuit. For your actual projects, panel mount push buttons
are better. Both are shown in Figure [-9.




FIGURE 1-9 A tactile push button (left) and three different panel mount buttons (right)

In Adventure 4 you discover how to use shift registers, which are small black chips you
can use to control alot of LEDs. You want a chip that is a 74HC595 shift registerf  you
find out what that means in the adventure. You need to buy a chip with 16 legson it, as
shown in Figure 1-10.

FIGURE [-10 A shift register

Piezos are used to detect vibrations and can also make sound, like a speaker. You need one
piezo for Adventure 5 and six for Adventure 9. They sometimes come inside black plastic
housing, which is okay for the one in Adventure 5 but you need at least five without
housing (like the one in Figure 1-11) for Adventure 9.




FIGURE 1-11 A piezo

A light-dependent resistor can tell an Arduino board how bright or dark it is. These look
like the onein Figure 1-12 or can be alittle bigger.

FIGURE 1-12 A light-dependent resistor

Header pins are small strips of metal that are separated by plastic so that they fit perfectly
into the holes on the Arduino Uno. They come in different spacings (called pitches), so
you should make sure you get 2.54 mm male header pins, like the onesin Figure 1-13. You
need a strip of five for Adventure 5, but you can buy them in longer strips and easily break
them apart into smaller sections with pliers.
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FIGURE 1-13 Male header pins
When you think about circuits and el ectricity, one of the first things you pictureis




probably wire. But wire isn+ asingle item; there are many different kinds. Wire can be
made of a single piece of metal (called solid core) or alot of smaller pieces of metal
twisted together (called stranded). Figure 1-14 shows solid core and stranded wire. Solid
core can be useful for breadboards but it-s very stiff. Stranded is easier to bend, but you
need to solder the end of it in order to get it to fit in a breadboard. You can decide for each
project which sort you want to work with there isn+ aright or wrong type to use.

FIGURE 1-14 Solid core wire (left) and stranded wire (right)

Wire usually comes with some kind of coating that doesn+ conduct electricity. It may be
coloured plastic like the wire on theright in Figure I-15, or it may be enamelled like the
wire on the left. You can decide which wire works best in your projects. The enamelled
wire works well in the augmented wind chime in Adventure 5 because it-s very thin and
lets the chimes swing easily. However, you could build the wind chime using a different
thin wire,
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FIGURE 1-15 Enamelled (left) and plastic coated (right) wire

Solder is like a conductive glue for e ectronics. It sometimes comes on spoolsin different
thicknesses like in Figure [-16. The projectsin this book don+ require very sophisticated
soldering, so you don+ have to worry about which thickness to buy. Just about any

thickness will work okay. The only important thing to watch out for is to make sure you
buy solder for electronic§ don+ buy solder that-s used for plumbing!

ﬂ




FIGURE 1-16 Solder on spools

After you build your projects, you might want to run them without having to connect them
to your computer for power. If so, you can either power your project from a power supply
or from a battery. If you use a power supply, it-s easiest to buy aUSB wall adapterf a
power supply that lets you connect a USB cable to awall socket, with the other end of the
USB cable plugged into your Arduino board. If you-d like to use a battery, the best option
Isto get a9V battery connector with aDC barrel on the end. There is ablack plug socket
on your Arduino board where you can plug in the connector. Both options are shown in
Figure I-17. For the Lilypad Arduino USB, you can use a LiPo battery, but you read more
about that in Adventure 8.

FIGURE 1-17 A 9V battery-to-DC-barrel connector (left) and a UK plug for aUSB cable
(right)

When you work with soft circuits in Adventure 8, you need alligator clipslike the onesin
Figure [-18, which you use instead of jumper wires.




FIGURE 1-18 Alligator clips

In Adventure 8, you also use conductive thread, which is thread spun with conductive
fibres. There are different kinds available from different manufacturers, but all the options

are asilver colour as shown in Figure 1-19.




FIGURE 1-19 Conductive thread




Tools You Will Need

Just as you need hammers and saws to build something with wood, you need special tools
to work with electronics.

When you test your circuits you use a breadboard, but you eventually need to go beyond
the breadboard. For example, you might need to add longer wires to a component so it fits
inside your housing, or you might want to connect components together in amore
permanent way that won fall apart.

The first thing you need is a soldering iron. Solder islike glue for electronics, but it only
works at high temperatures (think of it as a hot glue for electronics). A solderingironisa
tool that gets very hot (much hotter than an oven) so that it can melt solder. Only use a
soldering iron when an adult is nearby to help you.

A soldering iron may be a single hand-held tool that plugsinto the wall, like the onein
Figure 1-20. Or it may plug into abox with atemperature dial that plugsinto the wall.
Either kind is okay. The important thing is to buy one that is meant for small electronics
and not plumbing or any other activity.

FIGURE 1-20 A soldering iron

Wire often comes with a plastic coating that is an insulator that doesn-+ conduct electricity.
You sometimes need to remove this plastic coating from the ends of the wire so you can fit
it into a breadboard or solder a component to it. You could always carefully use a knife or
cuttersto try and remove the plastic, but that can be a very frustrating method. It is well
worth buying the right tool for the job. Enter the wire stripper!

Wire strippers come in lots of shapes and sizes, as you can see in Figure 1-21. Choose
whichever one you like best.



FIGURE 1-21 Different kinds of wire stripper

Wire cutters do what you expectf they cut wires. Be sure to get smaller onesthat easily fit
in your hand as you will be working with small components and thin wires. Figure |-22

shows the kind of wire cutters you could get.
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FIGURE 1-22 Wire cutters




Pliers help you shape and bend wires. They come in different sizes and shapes, but a
smaller general purpose pair of pliersisall you need for the projectsin this book. Either of
the pairsin Figure 1-23 would work well.
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FIGURE 1-23 Pairs of pliers

The next tool may seem a bit daunting, but it can be your best friend when working with
electronics. It-s the multimeter! It measures multiple things (that-s how it got its name),
with resistance and voltage being the most useful to the beginner. They range from very
cheap to extremely expensive. When you are choosing one for yourself, you don+ need to
spend alot of money, especialy if it isyour first multimeter. You probably want one that
auto-ranges, though that-s not essential, but you definitely need one with a continuity test.
(When you look at multimeters in a store, auto-ranging and continuity testing will be listed
in their features.) Auto-ranging means that you don+ need to know the approximate value
of whatever you are testing before you test it. A continuity test is when the multimeter
beeps when an electrical connection is made between the probes. Figure 1-24 shows aless
expensive multimeter, which isn+ auto-ranging but does have a continuity test.




FIGURE 1-24 A multimeter

The final tools are not specifically used with electronics but are be essential for
constructing the housing for your projects: scissors and a utility knife (Figure 1-25).

Always take care when using either!




FIGURE 1-25 A pair of scissors and a utility knife



Software You Will Need

When we talk about Arduino, it is easy to think about the board and nothing else. After all,
that-s the part you physically place into your project. However, the Arduino needs codein
order to do anything. You write that code on another computer first and then upload the
code to the Arduino board.

The company that makes the Arduino board also makes the software that helps you write
and upload the code. It-s free to download from ht t p: / / ar dui no. cc/ en/ Mai n/ Sof t war e.

Adventure 1 takes you through the steps to setting up the software on your computer.

The circuit schematics and diagrams of circuits on breadboards in this book are made with
aprogram called Fritzing, whichisalso freeonlineat ht t p: //fri t zi ng. or g/ downl oad.
You can even use Fritzing to start designing your own projects!




Other Useful M aterials

Writing code and building a circuit is only one half of completing a project. Your project
doesn+t come alive until it is surrounded by some kind of housing. Whether it-s a game or
an interactive light, when it isjust a circuit on abreadboard it hasn+ yet reached its full
potential.

S0, to make the projectsin this book, you use many low-tech techniques alongside your
newly acquired high-tech skills. Scissors, paper and glue form the basis of many of your
projects. It-s good to have the following items to hand, but it-s never abad decision to add
decorative items like glitter that allow you to let your imagination run riot! In particular,
you need the following things:

Adventure 6
Adventure 9



What | Assume You Already Know

Because you-ve started reading this book, |-m going to assume you-fe already interested
in technology! You don+ need to have done any computer programming previously or
built any circuits (that-s what this book is explaining!), but | do assume that you have used
a computer before.

You need a computer to work with the Arduino but it doesn really matter what operating
system your computer use§ Mac OS X, Windows or many different Linux distributions
(seeht tp://pl ayground. ar dui no. cc/ Lear ni ng/ Li nux for guidance on which Linux
distributions you can use). | assume that you are comfortable going online and
downloading files and that you know how to find and open applications on your computer.

You may need an administrator password to install some of the software, so if you don+
know the password for your computer it will help if someone who does know the
password is nearby when you install it.



How ThisBook Is Organised

This book guides you through programming your Arduino board and constructing circuits
In nine adventures. Each adventure starts by introducing the new skill you need in order to
compl ete the standalone project at the end of the adventure. The new skill might be
learning how to use a new component such as a motor, for example, or how to do
something clever in code.

The most important adventure for you to start with is Adventure 1. It helps you install the
software needed to upload your code onto your Arduino board. After al, if you don+ do
that, the rest of the adventures won- be much fun!

Adventures 2 to 9 build on previous adventures, so | recommend that you follow the
adventures in order. Of course, if you prefer you can throw caution to the wind and do
them in any order you want. You can always look up more guidance on a particular topic
from an earlier adventure if you come across something you don-+t know.

Aswell as helping you set up your computer so you can program your Arduino board,
Adventure 1 also guides you through your first Arduino program, called a sketch. You
even build your first circuit on abreadboard and control an LED.

In Adventure 2 you learn how to control more than one LED, how to print messages from
your Arduino board to your computer and how to use your first sensorf  a potentiometer.
You get to put your new skills into practice by building a status message sign that lights up
to show that you don+ want to be disturbed.

In Adventure 3 you are introduced to your second sensor: a push button. You combine it
with potentiometers to control a motor. You also learn how to use for loops in computer
code to repeat the same thing over and over again. Putting it all together, you build a
combination safe that opens only when the correct combination is dialed. The —safell is
only a cardboard box, so it-s probably not fit for storing the family jewels, but it-s good
enough to protect your favourite sweets.

Adventure 4 shows you how to break up your code into bite-sized pieces using functions.
You then use functions to control multiple LEDs using specia chips called shift registers.
In the final project of the adventure, you make letters with embedded LEDs in the style of
old carnival signs.

Adventure 5 adds sound to the growing list of actions you can control with your Arduino.
You find out how to make listsin code to play short tunes over a new component a
piezo. You then make an augmented wind chime that puts an electronic twist on a
traditional instrument.

Adventure 6 introduces more subtle controls by showing how you can fade an LED and
not just turn it on and off. You also expand the abilities of your Arduino by installing new
libraries that don+ come with the Arduino software. You then combine your new skills
with athree-colour LED to create a crystal ball that magically changes colour!

In Adventure 7 you are introduced to a new Arduino board, the Arduino Leonardo. You



master one of the exciting features of the Leonardo: making a computer think the Arduino
Isakeyboard. You add a new sensor that detects light and make a computer game
controller that |ets you play a game with a wave of your hand.

In Adventure 8 you get to work with another Arduino board and build circuits using a
needle and thread instead of wire and a soldering iron. This adventure helps you become a
master of arrays and create a hoodie that displays a secret message.

And finally, Adventure 9 is the big adventure! You have to chance to put together all the
skills you-ve gained over the earlier adventures to create a marble maze game that
automatically keeps track of your score, counts down the remaining time and plays sound
effects. You use afamiliar component in a new way, using a piezo to detect vibrations as
well as play sound effects.

Appendices A and B prepare you for further adventures beyond this book. Appendix A
points you toward other Arduino resources in print and online, and Appendix B shows you
where to buy tools and components for your projects.



Conventions

Throughout this book there are boxes to help you out:

These boxes explain concepts or terms you might not be familiar with.
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W These boxes give you hints to make your coding and building easier.

These boxes contain important warnings to keep you and your computer safe when completing a step or
project.

"~ These boxes feature quick quizzes for you to test your understanding or make you think more about a
topic.
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w“ In these boxes | explain things or give you extrainformation | think you-l find useful.

These boxes point you to videos on the companion website that take you through the steps.

You will also find two types of sidebar in the book. The Challenge sidebars ask you how
might expand on the new skills you are learning or add new features to your projects. The
Digging into the Code sidebars go deeper into the programming concepts used in Arduino
programming.

When you are following the instructions in the book, you should type in the code exactly
asyou seeif every ; isvery important! However, the spaces between words don-+t matter.
Spaces are used to make the code easier to read, but it doesn+ matter to the Arduino.

For example, both of the following lines mean the same thing:

i f (i <4)
if (i < 4)

Your sketch could be written as asingle very long line of text and it would still run on the
Arduino! But it would be very difficult for another programmer to understand what is



happening. Adding spaces and notes to explain what is happening in the code is the best
way to program.
Sometimes aline of code istoo long to fit on one line of this book. If you see the symbol

< at the end of aline of code, that means that line and the next line should be typed as a
single line of code in your Arduino software.

For example, the following line should be typed on one line, not two:

Serial.println( "Hello, fromthe setup() function in <
your Arduino Uno!" );

To help you keep track of the new coding concepts you learn, there is a Quick Reference
Table at the end of each adventure, which lists any new functions, data types or other
programming commands that have been introduced in that adventure.

When you complete an adventure, you unlock an achievement and collect a new badge.
You can collect badges to represent these achievements from the Adventures in Arduino
website (wwv. wi | ey. coni go/ advent ur esi nar dui no ).




The Companion Website

Throughout the book, you-| find references to the Adventures in Arduino companion
website, www. wi | ey. coml go/ advent ur esi nar dui no. Here, youH| find tutorial videosto
help you through the physical making of your projects along with the code used. It can be
very frustrating to track down a mistake after you-ve typed in code from a book by hand.
The important thing is understanding what the code is doing and not just how to typeit all
out yourself (or at least not when you are first starting out)!




Reaching Out

Youwl find alot of tipsin Appendix A about where to go for help but the first place you
should always look is the Arduino website (ww. ar dui no. cc ). It haslots of useful
information in the Learning section, and you can always ask questions in the Forum.

You can aso contact me by sending me a message through the website
www. advent ur esi nar dui nobook. com

Time to start your adventures!



Adventure Cr‘—_l.
Setting Up You
Arduino

YOU WILL SOON be creating exciting projects that bridge the physical and digital
worlds! YouHl learn how to write code that triggers sound, controls motors and flashes
lights. The Arduino is the perfect tool for combining circuits and code!

You will use the same three steps for each project you build with your Arduino:

1. Write the code that tells the Arduino Uno what to do on your computer using the
Arduino software.

2. Connect your Arduino Uno to your computer, and upload your code onto the board.
3. Build and connect your circuit to your Arduino Uno.

But first things first. Before you can do anything else, you need to download and install
the Arduino software and set up your computer to program your Arduino Uno. That-s
what you will be doing in your first adventure. Then, when you-ve got everything working
asit should, you—+e going to start your first Arduino projectf controlling when alight
turns on and off.



What You Need

To get started, you need the following things. Figure 1-1 shows the electronic components
you will need.

e A computer

e An Arduino Uno

e AUSB cable

¢ An Internet connection so you can download the Arduino software

FIGURE 1-1 An Arduino Uno and USB cable




Downloading and I nstalling the Arduino Software
on Your Computer

In order to run Arduino programs, in addition to an Arduino Uno you need a computer and
some special software to make the Arduino work. You will be writing the code that runs
on the Arduino Uno on another computer first, and will then upload it to the board.
Sounds complicated, doesn+t it? Don+ worry; you-H be guided through the process step by
step. And its not as difficult as it sounds.

You-e going to use a piece of software to write the code and then upload it. This piece of
software is called the Arduino environment, or integrated development environment
(IDE). Itisavailable for free from the Arduino website at

ht t p: // ar dui no. cc/ en/ Mai n/ Sof t war e (See Figure 1-2).

Products = Learning =  Forur - LOGIN  SIGN UP

Download the Arduino Software

ARDUINO 1.0.6 “"“'nm“ :
The bper-source Arduing Software (1DE) rakes it Wl Fos mcmi et

easy to write code and upload it to the board, It runs
on Windows, Mac 05 X, and Linux. The emvironment Mac 05X
is writzen In Java and besed on Processing and other

Dpen-spurce software.
Thits aftwians can be uted with ary Anduno boend

Refer to the Cetting Stared page for instaliation
Instructions.
ARDUINO 1.5.8 ARDUING 1.8.x / 1.5.x ARDUING IDE
BETA PREVIOU INTEL GALILEO
RELEASES INTEL EDISON

Asduanag SDE that mist b used Tor Arduing

¥iin and Arduing DUE. See the reles Dowricgd the Arduing IDE thas
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FIGURE 1-2 You can download the Arduino IDE for your computer from the Arduino
website.

An integrated development environment (IDE) is a software application that is used to write
computer code in a particular language; it-s also referred to as a programming environment. The
application can create and edit code, as well asrun (or execute) the code. Many IDESs also provide
features to help programmers debug their programg in other words, check their programs for errors.

You are now going to download and install the |atest version of the Arduino software
designed for your particular computer-s operating system, using the steps outlined here.
When this book was written, 1.0.6 was the current version of the software. You can see
what the current version is by visiting ht t p: / / ar dui no. cc/ en/ Mai n/ Sof t war e. YOU can




find the current version towards the top of the page. After you have installed the software,
you can see what version you are using by reading the title bar of the window that appears
when you launch the Arduino IDE.

The software can run on Windows, Mac or Linux computers, but depending on your
computer-s operating system (OS), you may need to install both the IDE and another piece
of software, caled adriver. This adventure describes what you need to do, but you can
also visit ht t p: // ar dui no. cc/ en/ Gui de/ HonePage, Which has lots of guidance on how to
get the software installed.

&

Have your Arduino Uno and USB cable to hand as you install the software, because you might need
them for some of the installation steps, depending on your computer-s operating system.

A driver isapiece of software that lets your computer communicate with an external device, such as a
printer or a keyboard.




Itis quite simpleto install the software on aMac. You don+ need to install adriver, only
the Arduino IDE. Just follow these steps.

1. Inyour Internet browser, open the Arduino download page at
http://ardui no. cc/en/ Mai n/ Soft ware.

2. Selectthe vac os X zip file from the list of current Arduino downloads.

3. Findthefile caled ar dui no- 1. 0. 6- macosx. zi p and unzip it by double-clicking it.
Now move the Ar dui no. app file into your Applications folder.

4. After you-veinstalled the software, plug one end of your USB cable into your
Arduino board (shown in Figure 1-3) and the other end into your computer. A
message about a new network device may appear on screen. If that happens, you can
just cancel or close the message window.

FIGURE 1-3 Plug the USB cable into the Arduino Uno and then connect it to your
computer.

L= T you have any problems, visit ht t p: // ar dui no. cc/ en/ Gui de/ MacOSX for more help.

To see avideo of how to install the Arduino IDE on a computer running Mac OS X, visit the companion



site at ww. wi | ey. conf go/ advent ur esi nar dui no.




|nstalling Arduino Software on a Windows PC

You need to follow a number of stepsto install the Arduino software on Windows 7, Vista
and XP (seethe Tips and Tricks box for Windows 8). You will be installing two things: the
software and the driver.

1.

10.

11.

12.

In your Internet browser, open the Arduino download page at
http://ardui no.cc/en/ Mai n/ Soft ware.

Start by downloading the file called W ndows zI P file.

Find the downloaded zip file and unzip it to the Pr ogr am Fi | es folder. It should
contain multiple folders and files, including afolder called dri ver s and afile called
ar dui no. exe. If you would like, you can right-click ar dui no. exe and create a
shortcut to place on your Desktop.

Plug one end of the USB cable into your Arduino board and the other end into your
computer as shown in Eigure 1-3. You should see lights illuminate on your Arduino
Uno. Thisjust means it has power.

Your computer will now start to look for adriver to use with the Arduino board. Your
computer may find the driver on its own, but, depending on the version of Windows
your computer is running, you may need to follow different stepsto finish installing
the driver. You may need to know an administrator password for the computer and
might need some help with someone with more computer experience. You can always
Visit ht t p: // ar dui no. cc/ en/ Gui de/ W ndows for more detalled instructions,

Click the Start menu and open the Control Panel.

While in the Control Panel, navigate to System and Security. Click System, and when
the System window appears, open the Device Manager.

Inside the Device Manager look under Ports (COM & LPT). You should see a port
named Ar dui no UNO ( COwkx) . If you don+ seea COM & LPT section, look under
Other Devicesfor Unknown Devi ce.

Right-click Arduino UNO (COMxx) port and choose the Update Driver Software
option.

If you are running Windows X P or the Hardware Update Wizard appears, go to

htt p://ardui no. cc/ en/ Gui de/ UnoDri ver sW ndowsXP and follow the screenshots to
install the driverslocated in the folder you downloaded and unzipped.

If the Hardware Update Wizard doesn+ appear and instead you see a window with
the options Search Automatically for Updated Driver Software and Browse My
Computer for Driver Software appears, click Browse My Computer for Driver
Software.

Navigate to the folder you downloaded and unzipped. Go to the folder inside it called
drivers and select ar dui no. i nf .

Wow, that was complicated. Luckily, you dor+ have to do that again. You only need to do
it once. The steps might change when new versions of the Arduino IDE are released or if



there are updates to your operating system. You can always go to the Arduino forum board
for installation problems at ht t p: // f or um ar dui no. cc/ i ndex. php?boar d=2. 0. YOU can
look over the questions asked by others and even ask your own if you can+ find a question
similar to the problems you are having.

If you run into any problems, first visit ht t p: // ar dui no. cc/ en/ Gui de/ W ndows for more help.

Youcanasovisithttps://learn.adafruit.com | esson-0-getting-started/installing-ardui no-w ndows,
www. dunmi es. comf howt o/ cont ent / howt o-i nstall -ardui no-for-w ndows. html , OF

https://1earn. sparkfun. com tutorials/installing-arduino-ide/w ndows for even more tips including extra
guidance for installing on Windows 8.

If your computer runs Windows X P, you can follow along with the screenshots at
ht t p: // ar dui no. cc/ en/ Gui de/ UnoDr i ver sW ndowsXP to install the drivers.




If your computer runs Linux (if you are using a Raspberry Pi, for example), you should
first visit the online documentation for Linux and Arduino at

ht t p: // pl aygr ound. ar dui no. cc/ Lear ni ng/ Li nux. There are many different types of
Linux, so | haven listed them all here, and if your computer runs aLinux distribution,
you likely already know how to install new software. It is probably easiest to install the
Arduino environment by using a package manager. Heres how to do the installation on a
Debian variant of Linux, such as Raspbian on Raspberry Pi. On acommand line, enter the
following command:

sudo apt-get install arduino

This command downloads and installs the software. Alternatively, you can download the
32- and 64-bit applications directly from the Arduino download page at

ht t p: // ar dui no. cc/ en/ Mai n/ Sof t war e. You don+ even need to worry about compiling
source code, but don- forget to read the guidelines for your distribution at

http://pl ayground. ardui no. cc/ Lear ni ng/ Li nux.

- If you are using a Raspberry Pi or other Linux-based system, | am assuming that you know how to use
the command-lineinterface to install software for whatever version of Linux you are running. If you
need more information or arefresher on using the Raspberry Pi, check out Adventures in Raspberry Pi
by Carrie Anne Philbin (John Wiley & Sons, Inc., 2014).



Exploring the Arduino IDE

WEell done! Now that you have the software installed, youe ready to start using the
Arduino IDE! It-stime to launch the software. If your computer isaMac, go to
Applications and double-click Arduino. If your computer is running Windows, either
double-click the shortcut on the Desktop (if you made one as described earlier in the
adventure), or go to the folder you downloaded earlier and double-click the Arduino
application. If your computer is running Linux, start the Arduino IDE either from the
command line or by double-clicking the program icon. The Arduino program icon (see
Figure 1-4) looks the same on Mac, Windows and Linux.

FIGURE 1-4 The Arduino program icon

When the Arduino IDE has finished starting, awindow similar to the one shown in Figure
1-5 will appear.
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FIGURE 1-5 The important parts of the Arduino IDE

First, you—+e going to find out about some of the basic functions of the Arduino IDE.
There are six buttons at the top of the Arduino window (see Figure 1-5), and most of them
are easy to figure out. The middle three buttons are New, Open and Save. Clicking the
New button (surprise!) starts a new Arduino file, the Open button opens an existing
Arduino file, and the Save button saves the current the file. You+l notice theres a button
on itsown on the far rightf you will be finding out about thisin Adventure 2. That just
|leaves the two buttons on the | eft.

The button that looks like atick isthe Verify button. When you click this button, the
Arduino compiles the code; in other words, it takes the code you have given it and
trandates it into something the Arduino board can understand. There is a second thing this
button does. If there are parts of the code that Arduino-s compiler doesn+ understand
perhaps a semicolon was missed out or atypo was made when the code was typed it
prints out the error at the bottom of the Arduino IDE window. It tries to be helpful with
what it prints, but sometimes it doesn+ make sense! Later this adventure goes over some
of the common error messages and what they might mean.

Compiling code is the process of taking code written by a human and turning it into instructions that
can be understood by a machine.

Don+ worry too much about how this happens yet. All you need to know for now is that
the Verify button is used to turn your code into something the Arduino can understand,

and determine that the code is free from simple errors. After you have done that, you click
the final button, which is the Upload button. This compiles and uploads the code to the
Arduino Uno. Thisisthe button you will probably use most, asit puts your code onto the
Arduino Uno. The Verify button can be useful if you are writing code and don have your
Arduino Uno nearby because it means you can at least check if you have any simple errors
in your code, although you won+ know if your code completely works until you can
upload it onto a board.



Using Blink to Test That Everything Is Set Up
Correctly

You can write computer code for adevice like alaptop or Raspberry Pi and then run it on
the same computer you-ve written it on. With Arduino, it-s a bit different because an
Arduino board can+ program itself, so you have to write the Arduino code on a computer
that can run the Arduino IDE. The IDE then takes the code that humans can write and read
and trandates (or compiles) it, turning it into code that the Arduino board understands.
The IDE then copies and uploads the compiled code onto the Arduino board.

Software devel opers use basic programs to test that their computer is working as they
would expect. These are called Hello World programs.

A Hello World program is very simple. If you were learning a new programming language,
you would write a program that would just print the phrase -Hello worldll to the screen,
which would show you that everything was set up properly. But waif the Arduino
doesn+ have a screen! After you load the code on the Arduino from your computer, it
doesn+ talk to the computer anymore; all the USB cable doesis provide the Arduino with
power (though you find out in the next adventure how to send messages to the computer
through the USB cable).

What the Arduino board can do is blink alight. It even has one built into the board for
exactly this purpose. Theres atiny yellow or orange near the
number 13 on the board (see Figure 1-6). This LED is useful because you can program it
to turn on and off in order to quickly check that the Arduino board is working. You don-
need anything besides your computer, a USB cable and your Arduino board.
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FIGURE 1-6 The built-in LED on the Arduino board is near the number 13.

The Arduino IDE comes with some example code to help get you started. One of these
examplesisthe Blink program, or sketch, which is used as the Hello World program for
Arduino. You~+e now going to use that to check everything isworking as it should.

An LED, or light-emitting diode, is an electrical component that lights up when electrical current flows
through it. A diode only lets electricity flow in one direction, so an LED lights up only when the long leg
is connected to the positive side of a power source and the short leg is connected to the negative side. If

they are switched, the LED won-t light up. y

Arduino programs are often referred to as sketches, like quick drawings artists make. y




To test that your Arduino Uno can receive messages and new programs from the computer
without any problems, you need to compile and upload the Blink sketch. Select File:

Examples: | 01.Basics: | Blink (see Figure 1-7) to open a new window with the Blink
sketch.
BELN Edit Sketch Tools Help
New #EN
Open... ﬁﬂ
Sketchbook
AnalogReadSeria
Close 02 Digital [ BareMinimum
Save 3%5 03.Analog >
Save As... {385 04.Communication > DigitalReadSerial
Upload ®U 05.Control > Fade
Upload Using Programmer 38U 06.5ensors 2 ReadAnalogVoltage
07 .Display [ ]
Page Setup {r#P 08.Strings >
Print P 09.USB .
10.5tarterkit (2
ArduinolSP
EEPROM 2
Esplora >
Ethernet (3
Firmata (2
CSM >
LiquidCrystal >
Robot_Control 3
Robot_Motor >
SD >
Servo (3
SoftwareSerial 3
SPI >
Stepper (3
TFT 2
WiFi e
Wire 2

FIGURE 1-7 Opening the Blink sketch, which islocated in the examples that are included
with the Arduino IDE

Before you upload your code, you first need to check two settings: the board and the port.
You need to make sure these settings are correct each time you launch the IDE. After you
have set them, you don+ need to change them again until you quit and start the IDE again
at alater time. To find the board, select Tools_ | Boards (see Figure 1-8). You should see a
list of al the different Arduino boards. Make sure you select the board you are using.
(Thiswill be an Uno, but if you+e not sure, it iswritten on the board itself.)
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Auto Format
Archive Sketch

Burn Bootloader

T

Fix Encoding & Reload

Serial Monitor {®BM
Board >  Arduino Uno
Serial Port > Arduino Duemilanove w/ ATmega328
Arduino Diecimila or Duemilanove w/ ATmegal68
Programmer [ 2

Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegalb8

Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmegal280)

Arduino Leonardo

Arduino Esplora

Arduino Micro

Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegal68

Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal68

LilyPad Arduino USB

LilyPad Arduino w/ ATmega328

LilyPad Arduino w/ ATmegal68

Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmegal68
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68
Arduino NG or older w/ ATmegal68

Arduino NG or older w/ ATmegaB

Arduino Robot Control

Arduino Robot Motor

FIGURE 1-8 Selecting the board you are using

You find the port under Tools? | Serial Port (see Figure 1-9). Select the port you are
using, the same way you found the board. Make sure you have plugged your board into
your computer with the USB cable, or the port won appear on the list.

Felp

Auto Format
Archive Sketch
Fix Encoding & Reload

#T

Serial Monitor +3M

Board »
J/dev/tty.Bluetooth-Incoming-Port
/dev/cu.Bluetooth-Incoming-Port

Programmer >

/dev/tty.Bluetooth-Modem

/dev/cu.Bluetooth-Modem
v fdev/tty.usbmodem1421

/dev/cu.usbmodem1421

Burn Bootloader

FIGURE 1-9 Selecting the port your Arduino board is plugged into




e It may not be obvious which port you should select if there is more than one listed. You can try looking
at the list when the Arduino board is not plugged in, then plugging in the board and looking again. If one
appeared that wasn there before, that is probably what you should select.

If you are using aMac, look for the port that startswith/ dev/tty. usbrodem On a
Windows computer, the port isjust listed as a coviport. In Linux, the port starts with

/ dev/ ttyACM It won+ hurt anything if you don+t select the right port, so if youe not sure,
just select a port and click the Upload button. If you get an error message, try selecting the
next port in the list, and continue down the list until you find the port that your Arduino
board ison.

‘2’[ Remember that you need to plug your USB cable connected to your Arduino board into your computer.
Your port won+ show up in your list of port options if the board isn+ connected to the computer!

After you have selected your board and port, you are ready to upload your codd thisis
the Blink sketch you have already opened. To do this, smply click the Upload button. If
you have forgotten to select the port, a message may pop up asking you to select one.

If you have everything set up correctly, you will see a message towards the bottom of the
Arduino IDE window that says Compiling Sketch and then Uploading. If the sketch has
been uploaded without any problems, you will see a Done Uploading message as shown in

Figure 1-10.

woid loop) £
digitalWrite(13, HIGH);
e Loy (1REA 5 A
digitolWrite(l3, LOW);

Binary sketch size: 1,882 bytes (u% a 32,256 byte mocimum)

Arduino Uno on /dev/tty.usbmodem1421

FIGURE 1-10 Message in the Arduino IDE after successfully uploading your code

Look at the LED next to the number 13 on your board. Is it flashing on for one second
then turning off for one second? If so, success! Well done. If not, or if any orange text has
appeared at the bottom of your Arduino IDE, the next section will help you troubleshoot
what might be going wrong.

You will be soon making changes to your Blink sketch and even writing new sketches of
your own. It-s important to remember that the code you write in the IDE hasto be
uploaded to the Arduino Uno. Every time you make a change to the code, upload it again
to your board!



When something goes wrong when you—e trying to upload code to an Arduino board, a
message from something called avrdude might be printed at the bottom of the Arduino
IDE (such as the one shown in Figure 1-11).

S0othe Loop routing runs «
E_rr,-u:i loop(y {

‘Problem uploading to board. See http://www.arduino.cc/en/Guide /Troubleshootingd
Binary sketch size: 1,084 bytes (of a 32,256 byte maximum)

Arduino Uno on /dev/tty.usbmodem1411

FIGURE 1-11 A common error when the computer can talk with the Arduino

The Arduino board is built around a microcontroller (computer) chip made by a company
called Atmel. This chipisatype of microcontroller called an AVR and the program that
the Arduino IDE usesto talk to the Arduino board is called avrdude. So when you get
messages from avrdude, it means something has gone wrong with the communication
between the board and the computer. Usually it-s that the computer istrying to use
avrdude to send a new sketch to the Arduino Uno, but the computer can- find it. Problems
could be caused by selecting the wrong port, but if you have tried all the ports there may
be something else going wrong.

The easiest thing to try when you get an error from avrdude is to unplug the Arduino
board from the USB cable (this removes the power and turns it off). Then plug it back in
again. If you still have problems, try unplugging the Arduino board and then quitting the
Arduino IDE like you would any other application. Launch the IDE again and connect the
Arduino Uno once more to seeif you can upload a new sketch.

If you-ve done al that and you still can+ upload sketches to the Arduino board, try going
through the installation process for the IDE and drivers again.

Yol

Gt . . . : :

@  The Arduino website (ht t p: // ar dui no. cc) iSagreat resource with lots of tutorials. It also hosts a
forum where you can post questions. You will most likely find questions posted by other people who are
having the same problem as you.




DIGGING INTO THE CODE

3 -{::h
¥ # Hopefully you now have your code uploaded and running on your Arduino Uno. But what is the code
actually doing? You know that the Arduino Uno is turning on and off the LED next to 13, but how does it
know to do that?

A great way to start learning about code is by reading it before you write it. After all, you didn- learn how to writein
school before you learned how to read! You can use the Blink as an introduction to code. Don-t worry about
understanding all the details right awayf it-salot to learn. You will be shown a bunch of new terms, but you don-t
need to remember what they all mean right away. You will get to spend more time understanding them in the other
chapters.

If you look again at the Blink sketch on the screen, you- see that the first sectionisal in grey. The Arduino IDE
helps you understand what is happening in the code by changing the colour of the code according to what it does. The
text that turns grey is called a comment. Comments are notes to the programmer to help explain what is happening in
the code. The long comment at the top of the sketch explains what the sketch does:

Comments are notes within your code that explain what aline or section of code isintended to do.
Each comment line begins with // or, if you want to write a comment that spans multiple lines, is
between/* and */. These special characters tell the computer running the program to ignore that
line or lines.

/*
Bl i nk
Turns on an LED on for one second, then off for one second,
repeat edl y.

Most Ardui nos have an on-board LED you can control. On the Uno and
Leonardo, it is attached to digital pin 13. If you re unsure what

pin the on-board LED is connected to on your Ardui no nodel, check

t he docunentation at http://arduino.cc

This exanple code is in the public domain.

nodi fied 8 May 2014
by Scott Fitzgerald
*/

Therest of the lines that don-t start with // are lines of code that the computer will execute. The lines starting with / /
are ignored by the computer and are notes to explain what the code is doing.

Every Arduino sketch has to have two functions: set up() and | oop() . A function is a set of lines of code that have a
name. The next section of codeistheset up() function, which runs only once and is for tasks that need to happen only
when the Arduino isfirst turned on. Whenever your Arduino Uno first starts up, it looks for the section of the sketch
that isthe set up() function, and it runs that section first. continued continued

A function isaset of lines of code that have a name. A function can be used over and over again. It
may take some information as an input and output more information when it is finished, but not all
functions need to do that.




/1l the setup function runs once when you press reset or power @?a
t he board
voi d setup() {
/1 initialize digital pin 13 as an out put.
pi nMbde( 13, OUTPUT) ;
}

Asyou can see, thereisonly oneinstruction inside the set up() functiori the function pi nvode() . Every pin on the
Arduino can read in information or output information, but it can-t do both at the same time. The pi nvbde() function
sets up whether the pin inputs or outputs by taking two ar guments. The first is the number of the pin you—+e using on
the Arduino board. The LED on the Arduino Uno is connected to Pin 13. The second is a special keyword, ouTPUT,
which tells the Arduino that you want to output on Pin 13 and not read in on that pin.

An argument is a piece of information given to afunction, which the function then uses to perform its
task. The argument goes inside the brackets that follow the function name. In the following code
snippet, for example, the function del ay(1000) has the argument 1000, which is the number of

milliseconds you want the Arduino to wait before executing the next line.

\_ J

The remaining code in the Blink sketch isthe | oop() function. After the Arduino Uno executes al the code in the
set up() function, it looks for afunction called | oop() . It then executes all the code in that function. When it is done,
it executes all the codein the! oop() function again. And then again! And on and on! Thel oop() function repeats
forever (or at least until the Arduino Uno no longer has power).

/'l the loop routine runs over and over again forever

void |l oop() {
digital Wite(led, H GH); /1 turn the LED on <
(HGH is the voltage |evel)
del ay(1000); /'l wait for a second
digital Wite(led, LON; /1l turn the LED off <«
by maki ng the voltage LOW
del ay(1000); /1 wait for a second
}

Thefirst line of codeinthel oop() function turns on the LED using the function di gi tal Wi te(). It takestwo
arguments:. the pin number and whether you are turning the electricity on or off. The argument for the pin number is
just like what you saw with pi nvode() . The second argument is a keyword: H GH or LOW HI GH turns on the electricity,
and Lonturnsiit off.

The last piece of code that you haven-t looked at isthe del ay() function. The Arduino board runs this code very fast

T millions of times a second. That-s so fast that you wouldn-t be able to see the LED turn on and off. So you need to
make the Arduino pause so that you can see the light blink. The delay function makes the Arduino wait for the number
of milliseconds typed as the argument. In this example the delay is 1000 milliseconds, which is equal to 1 second.
Heresareview of what the whole sketch does:

1. Theset up function uses the pi nvbde function to set the pin the LED ison to be an
output.

Inthel oop() function, the electricity on the LED-s pin isturned on.
The Arduino is paused for 1000 milliseconds.

The electricity on the LED-s pin is turned off.

The Arduino is paused for 1000 milliseconds.

Thel oop() function starts over again.

o bk Wb

One last detail you might have noticed is that code has some strange punctuation. Most of the lines end with a




semicolon (; ). Thisislike afull stop at the end of a sentence. A full stop indicates when a sentence isfinished it
keeps writing neat and tidy. A semicolon does the same thing for a computer. It hel ps the computer separate different
lines of code.

You may have also noticed that the code has spaces and indentation. These are like commentg they make the code
easier to understand for the programmer. The computer just ignores them. The indentation makes it easier to see what
lines of code belong to afunction. You might have noticed that the lines of code that belong to | cop() are al between
{ and} and areindented. The{ and} tell the computer that those are the lines that belong to | oop() , whereas the
indentation makes that more visually obvious to reader.

The spaces in between parts of code are also only for the programmer; the computer ignores them. For example,
del ay(1000) anddel ay( 1000 ) arethe same to the computer, but the spaces can make it alittle easier for some
kpeople to read the code. You can decide how you prefer to write your code in the following chapters!




CHALLENGE

v Try changing how long the LED turns on and off by changing the argumentsin the del ay() functions.
Remember you need to upload your code after each time you change it in order for the sketch with the new
changes to be on the Arduino Uno.



Building an LED Circuit

Now that you have an LED blinking on the Arduino Uno, you are ready to go beyond the
Uno-s board and build your first circuit! You will use first become familiar with the tools
you will use to build and test new circuits: circuit schematics and breadboards. They are
the keys to creating your own projects that you can share along with being able to build
projects designed by other. In the next chapter you will go a step further and build a
housing for your circuit, but it-s a good idea to first become comfortable with how your
code and circuit come together on the Arduino Uno.



You need the following things to build your LED circuit. Figure 1-12 shows the electronic
components you need.

e A computer

An Arduino Uno
A USB cable

A breadboard

1 220® resistor
1LED

2 jumper wires

FIGURE 1-12 The electronic components you need to build the circuit




Electricity isthe flow of electrical charge. You-ve seen it in nature through lightning or
static electricity that occurs when you walk across a carpeted floor and then touch a door
handle. You also use circuits every day to control how electricity is allowed to flow. You
turn on and off the lights in aroom with alight switch. You can turn on a TV and change
the channel. Thisisall done by using circuits to control electricity. You—+e not ready yet to
build the kind of circuitsthat areinsidea TV, but you can build a circuit that turns on and
off lights!

Even asimple circuit can be built in many different ways. For example, LEDs comein
different sizes and colours. You could power an LED from an Arduino Uno or with a
battery. A circuit schematic is ssmply a diagram showing the important information about
acircuit, using symbols. Figure 1-13 is a circuit schematic showing the circuit that you are
now going to build. There are three symbolsin the schematic each representing the
Arduino Uno, the resistor (more about what that is alittle later) and the LED (the
triangular symbol). You could build the circuit using alargered LED or a small green
LED,; it-s your choice. The important information is that you are connecting that LED to
an Arduino Uno and aresistor.

Arduino

13

220 Ohms
GND

VA

FIGURE 1-13 The circuit schematic for the LED circuit

Electricity can be described and measured in different ways. Because it-sinvisible, it can
be hard to imagine how electricity works, so water is often used as an analogy. The flow
of electricity in awireis like water in apipe. The water flow moving through the pipeis
similar to the electrical current (measured in amps, which is abbreviated A), and the water
pressure is like the electrical voltage (measured in volts, which is abbreviated V). The size



of the pipe in combination with how much water is being moved through it affects the
water pressure. A smaller pipe creates more water pressure than alarger pipe when the
same amount of water is passed through both. The size of the pipe describes the third
property used to describe electricity: resistance (measured in Ohms represented and
represented with the symbol ®).

That may seem complicated and difficult to understand, but don+ worry about grasping all
the details now. By working with electricity and building circuits, you+l figure out how
voltage, current and resistance are related. Back to the circuit schematic!

L The study of electricity and circuitsis called circuit theory. If you are interested in learning more about
circuit theory, there are great tutorials online to get you started. | really like Sparkfun-s. They have
animations to help illustrate the concepts! Start withhttps: //1 earn. sparkfun. con tutori al s/ what -
is-electricity andhttps://learn. sparkfun.com tutorials/voltage-current-resistance-and-
ohms-| aw.

In the schematic in Figure 1-13, the circuit is connected to Pin 13 and GND on the
Arduino. Pin 13 iswhere the electricity that lights up the LED flows from. GND stands
for ground or OV. When you use a battery to power acircuit, the battery has two terminals:
positive and negative. Electricity flows from the positive to the negative. Pin 13 and GND
on the Arduino Uno play the same role as the positive and negative terminals of the
battery. Electricity flows from Pin 13 to GND when they are connected in acircuit.

The circuit has two components besides the Arduino Uno: aresistor and an LED. The pins
on the Arduino Uno all output 5V, which istoo much for the LED. Remember the water
analogy? Think of the LED like a drinking straw. It-s not as strong as a pipe, so forcing
too much water into it can cause the straw to burst. A resistor helps to control how much
current can flow through the LED. In thiskind of circuit, the resistor limits the amount of
current, so is known as a current-limiting resistor.

A resistor isan electrical component that resists current in a circuit. For example, LEDs can be
damaged by too much current, but if you add a resistor with the correct value to the LED circuit to limit
the amount of current, the LED is protected. Resistance is measured in Ohms (represented by ®). You
need to pick aresistor with the correct value to limit the current through a circuit; the value of aresistor

9 is shown by coloured bands that are read from left to right. )




After you know what circuit you are building, you need to use something called a
breadboard to help you build it. A breadboard is a board with rows of holeson it (see
Figure 1-14). If you could peek inside the plastic case of the breadboard, you would see
that the holes in each row touch the same piece of metal. Sticking two wiresin the same
row means they are touching the same piece of metal, and electricity can flow between
them.

A breadboard is areusable device that allows you to create circuits without needing to solder all the
components. Breadboards have a number of holes into which you push wires and components to create
circuits.

Long rows are used to connect GMND ) and 5V (+).

FIGURE 1-14 A breadboard has a series of holes that are connected in rows with two
pairs of long rows on the outside and shorter, perpendicular rows in the centre of the
board.

The long rows on the outside edges of the board are where you can connect 5V and
ground (GND on the Arduino board). Some boards may come with labels like + or - or
colourslike red and black or blue. Red is a colour used to represent the positive voltage,
so with the Arduino Uno that would be 5V. Black or blue is used to represent ground or
GND on the Arduino Uno.

You can think of the long rows for 5V and ground as expansions for the 5V and GND pins
on the Arduino Uno. Thereisonly one 5V pin on the Arduino Uno, so what if you have
more than one component that needs to connect to 5V 7? By using ajumper wire, you can
connect 5V to arow on the breadboard. You then have many holes where components can
connect to 5V. It-s the same for ground. There are more GND pins on the Arduino Uno
(there are three, and they all do the same thing, so you can use any of them whenever you
need to connect to ground), but you can also use ajumper wire to expand the number of
ground connections on the breadboard. Figure 1-15 shows how you can do this.
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FIGURE 1-15 Basic layout of a breadboard

Therowsin the middle of the breadboard, between the long outside rows, are what you
use to connect your components to each other. If you could see inside the plastic case of
the breadboard, you would see that these rows are perpendicular to the long rows on the
edges. The holes are in groups of five and don+ connect across the gap in the middle of
the breadboard.




Building Your First Circuit

You are now ready to build your LED circuit using your 220-Ohm resistor and LED. An
LED isdirectionall that means you can accidentally put it in acircuit backwards. If you
look at the LED closely, you can see that the two legs aren+ the same length. The long leg
of the LED should connect to the positive or 5V portion of the circuit, and the short leg
should connect to ground. The resistor isn directional, so both legs are the same length,
and it doesn+ matter which leg is connected to which part of the circuit.

Go through the following steps to build the circuit in Figure 1-16:

1. Connect one end of ajumper wire to one of the GND pins on the Arduino and the
other end to along row on the breadboard. Thisisthe black wire in Figure 1-16, but
your jumper wire can be any colour.

2. Put one leg of the resistor into any of the short rows in the middle of the breadboard.

3. Put the other leg into another short row in the middle of the breadboard. It just can-t
be in the same group of five holes as the other leg!

4. Put thelong leg of the LED into a hole in the same row as one of the legs of the
resistor. They are now touching the same piece of metal inside the breadboard, so
electricity will eventually be able to flow through the resistor and then the breadboard
row and then the LED.

5. Connect the short leg of the LED to the long row of the breadboard where the jumper
wire is connected.

6. Use asecond jumper wire to connect from Pin 13 to the same short row as the leg of
the resistor that isn+ connected to the LED.
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FIGURE 1-16 The LED circuit on the breadboard

b
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Don ever connect the 5V and GND pins together without a component like aresistor or LED in
between them. This creates a short circuit and can damage your Arduino Uno. If you ever do this by



accident, your computer will probably notice that something iswrong on your Arduino Uno and will cut
off the power from the computer to the Uno. If this happens, just unplug the Arduino Uno from the
computer and then plug it in again.

Your LED should now blink on and off on the breadboard, just like the LED did on the
Arduino board. Congratulations! You-ve built your first Arduino circuit! Your codeis
controlling electricity and whether alight is on or off. Thisisjust the beginning of your
journey to build some exciting Arduino projects.

Visit the companion site at ww. wi | ey. com go/ advent ur esi nar dui no to See avideo showing how to
build this circuit.




CHALLENGE

v Change the pin number that your LED circuit is connected to. You can use any of the pinsfrom 2 to 13 on
the section of the board labeled Digital, shown in Figure 1-17. The other pins have special functions that you

learn about in the next adventure.
Remember, you need to make a change in your code (and remember to upload your change to your Arduino board),

and you need to make a change to the circuit.

Can use Pins 2-13
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FIGURE 1-17 Thedigital pinson the Arduino board. Digital Pins 0 and 1 are special pins

that you learn about later.



Further Adventureswith Arduino

Congratulations! You have achieved alot. It might seem like that was alot of work just to
get asinglelight to flash on and off, but it means you are ready for all kinds of adventures.

Check out projects that others have done to get some inspiration for what is possible:

e http://makezi ne. cond cat eqory/ el ectroni cs/ ardui no/

e wwv. creativeapplications. net/taa/arduino/

Arduino Command Quick Reference Table

Command Description

setup() Function that runs once when the Arduino Uno first starts. See also ht t p: / / ar dui no. cc/ en/ Ref er ence/ Set up.

Function that is repeatedly run after the set up() is completed and until the Arduino isturned off. See also

 0op() http://arduino. cc/en/ Ref erence/ Loop.
. Sets the pin number entered as the argument to either output electricity or read it in. See also
pi nvbde() . f
http://ardui no. cc/ en/ Ref er ence/ Pi n\bde.
QUTPUT Keyword set in second argument of pi nMbde() that says the pin will output electricity. See aso

http://arduino.cc/en/ Ref erence/ Const ant s.

digital Wite()| Turnson or off the electricity at the specified pin. Seealsoht t p: / / ar dui no. cc/ en/ Ref erence/Digital Wite.

Keyword used to turn on the electricity indi gital Wi te() . Seeaso

H GH
http://arduino. cc/ en/ Ref erence/ Const ant s.

Low Keyword sued to turn off the electricity indi gi tal Wite(). Seeaso
http://ardui no. cc/en/ Ref erence/ Const ant s.

e Pauses the Arduino Uno for a specified number of milliseconds. See also

http://arduino.cc/en/ Reference/Del ay.
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Achievement Unlocked: You are making all the right connections and shining bright!




|n the Next Adventure

In the next adventure, you start adding interactivity to your Arduino code and control LEDs using adial!




Adventure 2

Reading from
Sensors

YOU NOW HAVE the Arduino software installed and have uploaded your first sketch to
make sure everything is set up correctly. (If you haven+ done that, it would be best to go
to Adventure 1 and do that now!) It-s great telling the Arduino to control something like
flashing lights, but the real fun with Arduino starts when your projects become interactive.
There are a couple things that need to happen before a project can become interactive: first
the Arduino needs to know something about what is happening in the real world; then the
Arduino code needs to do something based on that information.

You~e going to travel along way in this adventure! You start by controlling multiple
LEDs and then you print some messages from the Arduino to the computer. After that, you
read in information from a sensor and print that information to the computer. Finally, you
put all of that knowledge together to build aterrific status message sign, which will have
multiple messages and a control knob you can turn to choose what message you want to
displayf perfect for welcoming or sending away visitors at your whim.



What You Need

You first find out how to add more LEDsto your circuit and then how to use a sensor
called a potentiometer. The following list tells you what you need, and Figure 2-1 shows
the electronic components. Remember, Appendix B includes suggestions of where you
can buy everything.

e A computer

e An Arduino Uno

e AUSB cable

e A breadboard

e 3LEDs(1green, 1yelow, 1 red)
o 32200 resistors

e 1 10k®d potentiometer

e 4 jumper wires

FIGURE 2-1 The electronic components you need for the first part of this adventure




Adding More LEDs

In Chapter 1, you built acircuit on a breadboard so that the Arduino controlled asingle
LED. One LED isgreat, but more LEDs are even better! So what do you need to do to add
more LEDS?

The first thing you need ismore LEDS  this adventure uses three. You also need three
2200 resistors, as each LED needsits own current-limiting resistor. Resistors help control
the flow of electricity in acircuit. In this circuit, the resistors protect the LEDs from
becoming damaged from too much current. You can read more about current and resistors
in Adventure 1.

Start by building the circuit shown in Figure 2-2:

1.

Put one leg of one of the resistorsin a short row on the top half of the breadboard
towards the left side of the board. Put the other leg of the resistor in the short row
across the gap in the middle of the breadboard directly below where you-ve inserted
the first resistor leg. The rows of the breadboard aren+ connected across the gap, so
each resistor leg isin its own row; they aren+t touching the same piece of metal inside
the breadboard.

Repeat with the second and third resistors. Place one resistor in the centre of the
breadboard and the other towards the right side of the breadboard. Each resistor
should reach across the gap in the middle of the board and have one leg in a short
row above the gap and the other in a short row below the gap.

Now add the LEDs. The long leg of each LED connects to the resistor and the short
leg connects to ground. Insert the long leg of each LED into the same short row as
each resistor. It should be placed just below the resistor. Place the green LED on the
left side of the breadboard, the yellow in the middle and the red on the right side.

Insert the short leg of each LED into one of the long rows running the entire length of
the breadboard at the very bottom. If your breadboard is labelled with ablue or black
line or a-, insert the three short legs into that row. If your breadboard isn- |abelled
then you can use either ronf  just make sure all three of the legs are in the same row.

Your circuit is now built on your breadboard. All that isleft isto connect it to your
Arduino Uno. Use one jumper wire to connect from a GND pin (there are three of
them on the Arduino Uno and you can use whichever you would like, they are all the
same) to the long row on the breadboard where your three short LED legs are
inserted.

Using three more jumper wires, connect one wire from Pin 5 on the Arduino Uno
(not A5, but the 5 in the section labelled Digital) to the top of the resistor on the left
side of the breadboard connected to the green LED. Use a second jumper wire to
connect Pin 6 to the middle resistor connected to the yellow LED, and athird jumper
wire to connect from Pin 7 to the last resistor connected to the red LED.
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FIGURE 2-2 Building acircuit to control three LEDs

Finished? Now you-fe ready to write the code. It-s going to look alot like the Blink sketch
described in Adventure 1. You use code to control when an LED turns on and off. The big
difference isthat you start using variables to keep track of the LEDs, and you need to

control three LEDs instead of only one. You read more about variables in the next section.

First, launch the Arduino IDE. It opens a new sketch window when the program starts.
You can also go to File. New or click the New button to create a new empty sketch. Type
in the following sketch exactly as it is written. The spaces and indentation aren-t
important; they just make the code easier to read. However, don+t accidentally leave off a
. or your code won-t run! Don-t forget to save it by going to File  Save or clicking the
Save button.

[l Pins

int greenLED = 5;
int yell owL,ED = 6;
int redLED = 7,

voi d setup() {
/'l set to output to LED pins
pi nMode( greenLED, OUTPUT) ;
pi nMbde(yel | owLED, QOUTPUT);
pi nMode(redLED, OUTPUT);

}
void loop() {

/1 turn on all LEDs

digital Wite(greenLED, H GH)
digital Wite(yell onLED, HI GH)
digital Wite(redLED, H GH);
/'l wait 1 second

del ay(1000);



/1l turn off all LEDs

digital Wite(greenLED, LOW;
digital Wite(yell onLED, LOW;
digital Wite(redLED, LOW;

[/wait 1 second
del ay(1000);

L Typing the sketches by hand is a good way to become more comfortable with all the new coding terms
you are learning, but it can be frustrating if it-s areally long sketch or you-ve made a typo that you can-+
find. For those cases, all the sketches are available to download from companion site

WWw. Wi | ey. coml go/ advent ur esi nar dui no.

After you have finished typing out the sketch and have saved it, you are ready to upload it
to your Arduino Uno. Select the board and port from the menus (you can review how to
do thisin Adventure 1). Click the Upload button and watch for messages to appear at the
bottom of the window of the Arduino IDE.

If there arent any errors, your three LEDs should start flashing on and off! That-s so much
more exciting than blinking just one LED.

If you see any errors that say —Expected initializer before 'void'll or —expected ;" Il then
you probably have atypo. Look carefully over your code and make sure it matches what
you are supposed to typein. If there are any errors from avrdude, check that your Arduino
Uno is plugged into your computer and that you-ve chosen the correct options from the
Board and Port menus. If you still have problems, go back through Adventure 1 to make
sure your softwareisinstalled correctly.
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broken up into three sections: the lines before the functions; the set up() function; and the | oop() function.
First, the lines of code before the functions.

/!l Pins

int greenLED = 5;
int yell owLED = 6;
int redLED = 7;

Thefirst line beginning with / / is acomment explaining what the following lines mean. The next three lines are
variables assigned the pin numbers for each of the LEDs. A variableis like giving something in code a name. Here
it-s giving a name to the pin numbers to make it easier to remember which LED is connected to each pin. The name
gr eenLED iS much more obvious that the number 5, isn-t it?

DEFIy,

o,

A variableisacode construct that holds a value that can be changed. For example, the variable

gr eenLED stores the number 5.
\_ J

In front of each of the variable namesisi nt . Thisis describing what kind of data can be stored in the variable. i nt is
short for integer, so the variables can store only whole numbers.

Although giving something a name is convenient, variables become really powerful when the variable changesits
value but keeps the same name. That feature of variables isn+ being used here, but it isin the next section.

~  Thereafew rulesto keep in mind when creating new variable names. Thefirst is that they can-+t have
spaces in them, but you can use underscores (gr eenLED and gr een_LED are fine, but green LED s not).
You also can+ start the name with anything besides aletter (I ed3 isfine, 31 ed isnot). Lastly, it-snot a
requirement, but variables usually start with alowercase letter (gr eenLED rather than Gr eenLED).

The next part of the sketch isthe set up() function. This function is what the Arduino Uno runs right when it starts up.
It isonly run that one time, so this function is for commands that need to be done only once. The most common thing
doneintheset up() isto set the pi nvode() of pinsbeing used. The pi nvbde() determines whether the pin will output
electricity to control a component like an LED or it will read in asignal from a sensor.

This circuit doesn+t have any sensor§ only LEDS  so the pi nvbde() isset to curpuT for each of the pins. Because

variables are being used to represent the pin numbers, their names (gr eenLED, yel | owlED and r edLED) can be typed
instead of 5, 6 and 7.

voi d setup() {
/'l set to output to LED pins
pi nMbde( gr eenLED, OUTPUT) ;
pi nMbde(yel | owLED, QOUTPUT);
pi nMbde(redLED, OUTPUT) ;

}

The final section of codeisthel oop() function. Thisfunction is executed repeatedly until the Arduino Uno-s power is
removed.

Thel oop() function uses only two other functions: di gi t al Wi te() anddel ay(). Thedigital Wite() function
turns on or off an LED. The first argument determines which LED is being talked about, and the second argument




determines what isto be don€ either turn on the LED if the argument is Hi GH or turn it off if the argument is Low

To summarise what the | oop() does, it turns on each LED, then waits for 1 second so you can see them on, then it
turns off each LED and waits for 1 second so you can see that they are off.

voi d | oop() {
/1 turn on all LEDs
digital Wite(greenLED, H GH);
digital Wite(yell onLED, H GH);
digital Wite(redLED, H GH);

[/ wait 1 second
del ay(1000);

/1 turn off all LEDs

digital Wite(greenLED, LOW;
digital Wite(yell onLED, LOW;
digital Wite(redLED, LOW;

[/wait 1 second
del ay(1000);




CHALLENGE

v Now you have three LEDs that all blink together, make them light up in a sequence one by one. You won+
need to change the circuit; you change only the code. Remember to upload your changesin your code to the
Arduino Uno.

A few hints:

e You don+ haveto write moredi gi t al Wi t e() functions; you only need to move
around the ones already written.

¢ You need to add more del ay() functions.



Printing M essagesto the Computer

After you upload code onto the Arduino Uno, the board doesn+ talk to the computer. In
fact, it doesnt need the computer at al. The only thing that-s happening here is that the
Arduino Uno is getting its power from the computer, viathe USB cable plugged into the
computer. You could even unplug it from the computer and use a battery. (You can find
information about powering the board with a battery in Adventure 5.) But your computer
can still be useful after you have uploaded your sketch onto the Arduino Uno. For
example, the Arduino Uno doesn+ have a screen, but the computer does. So if you are

your code, or just want to read messages to know what the board is doing, the
computer and USB cable can be a powerful tool.

is the where you locate the cause of any errorsin your computer program code and fix
them.

The Arduino Uno can talk with the computer using over the USB
cable. Thisjust meansthat one bit of datais sent at atime. You can think of it as one letter
of aword being sent at atime, eventually to spell out awhole word. To send data from the
Arduino to the computer, there are just three functions you need to know aboui.

is one way that two devices, like a computer and an Arduino board, can send
and receive data to each other. One piece of datais sent at atime.

The first function is one that you only need to call oncein the function:
Seri al . begi n(9600) ;

This function takes only one argument: the speed at which the Arduino Uno is sending out

and recelving data. It-s important that this number is the same as the speed that the

computer is sending and receiving data (you find out how to check that later). If the

computer and Arduino Uno are sending and receiving data at different speeds, they won+

be able to understand each other. Unless you are explicitly told to use a different number,
Isagood number to use.

- 1’"

"’x:,?' " Remember that you can always look up termsin the glossary at the back of the book.

The other two functions are:

Serial . print("Your nessage goes here");
Serial.println("Your nessage goes here");

These are the functions that send messages from the Arduino board to the computer. The



firstone, serial . print (), doesn send anewline character at the end of the message; in
other words, the cursor isn+ moved down to the next line at the end of the message. The
function seri al . print | n() doesinclude anewline; you can imagine this as a message
with an Enter at the end of it.

A newline character islike pressing the Enter or Return key on your keyboard.

The best way to understand thisisto try it out. There-s no circuit for this; you just need the
Arduino board plugged into your computer. Create a new sketch with the following code
and upload it onto the board:

voi d setup() {
/[l to start serial communication
/'l the argunent needs to match
/'l the rate you choose in the
/1 Serial Monitor
Seri al . begi n(9600) ;
Serial.println("Hello, this is fromsetup");

/'l a delay so that nessages aren t too quick to read
del ay(3000);

}

void loop() {
/1l printing a nessage and then waiting a second
Serial.print("This is fromloop, with a print. ");
del ay(1000);
Serial.println("And this is fromloop with a println.");
del ay(1000);

int nyVariable = 27;

Serial.print("And this is printing a variable: ");
Serial.println(nyVariabl e);

del ay(1000);

&

You may have noticed that the messages you send in Seri al . print () and Serial .println() are
between quotation marks (* ). Thisis how you write in code a piece of text that you don-t want the
computer to interpret as code. You can print the value of a variable by replacing the message and the "
with avariable name, such as the variable myVvar i abl e in the sketch.

After the sketch is uploaded onto the board, open the Serial Monitor by clicking that last
Arduino IDE buttori the onel didn— cover in Adventure 1. It-s the button on its own on
the right in Figure 2-3. After you click the button, a window opens like the one shown in
Figure 2-4. You may notice that the number 9600 appears in the bottom right of the
window (if it doesn you should click the number that is there and select 9600). Thisis
the number that needs to match the argument in Seri al . begi n() inyour Arduino code.



The Serial Monitor button
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FIGURE 2-3 The Serial Monitor button
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FIGURE 2-4 The Serial Monitor in the Arduino IDE

You will see the messages from your Arduino Uno appear in your Serial Monitor. The
Serial Monitor isatool built into the Arduino IDE that lets you see the messages sent by
the Arduino Uno using serial communication. You will find it avery useful tool in all of
your adventures! When you are done with the Serial Monitor, you can just close the
window. It may also close on its own when you upload a new sketch to your board. You
can reopen the Serial Monitor to see any new messages.




DIGGING INTO THE CODE

W

"9 Sowhat-s going on in the code? There are the sections that you are probably getting used to: the set up()
and | oop() functions. Theset up() function doesn+ have much going on. The first four lines are comments
explaining what is happening. The serial communication is then started and amessageissent: Hel | o, this
i s from setup. The Arduino Uno isthen paused for 3 seconds, just so that messages don-t print too fast to
read.

voi d setup() {
/1l to start serial comunication
/1l the argunment needs to match
/1l the rate you choose in the
/1 Serial Mbnitor
Seri al . begi n(9600) ;
Serial.println("Hello, this is fromsetup");

/1l a delay so that nmessages aren t too quick « to read
del ay(3000);

}

Thel oop() function then prints messages in three different ways. It first uses Seri al . print () toprint This is from
loop, with a print.andthenwaitsfor 1 second. Because the message used Seri al . pri nt () and not

Serial . println(),thenext message appears on the same line, with the new message printing right after the previous
one. Theres another 1-second delay and then anew variable is created to hold the number 27. A Seri al . print ()
function prints a message and then the variable prints at the end of the line. Because the variable is printed without the
surrounding quotation marks (not " myVar i abl "), the number 27 is printed.

void loop() {
/1 printing a nmessage and then waiting a second
Serial.print("This is fromloop, with a print. ");
del ay(1000);
Serial.println("And this is fromloop with a println.");
del ay(1000);

int nyVariable = 27;

Serial.print("And this is printing a variable: ");
Serial.println(nyVariabl e);

del ay(1000);

i

g
Theset up() function isrun once when the Arduino Uno isfirst turned on, but the Arduino Uno calls
the set up() function a couple other times besides when it isfirst turned on. For example, theres areset
button on the board that you can use to manually restart the board, so the set up() functionis called
before going on to the | oop() function. Also, whenever anew serial connection is made, the board
restarts. So whenever you open the Serial Monitor, the Arduino board restarts and runsthe set up()
function again. You may notice this happening when you open the Serial Monitor. The message being
printed gets interrupted, and the message in the set up() function starts printing instead. Try opening the
Serial Monitor and then pressing the reset button on the Arduino Uno.



Reading Data from a Potentiometer

Now you-re ready to take a physical action in the real world and use it to make decisions
in code. Thisis exactly what the Arduino was built to do! You will soon be turning a knob
to change what LED ison.

You~e going to start by using a . That-s abig name for asimple
component! It-s simply aresistor that adjusts how much resistance it has as you turn a
control knold  for example, the knob you use on a stereo to turn up the volume.
Potentiometers come in lots of shapes and sizes. Figure 2-5 shows a few potentiometers
that change their resistance through arotating motion. The two bigger ones can have
knobs or dials that fit over the end of the shafts. Thelittle one is sometimes called a
trimpot, and it already has a small knob attached that you turn. Trimpots like the one
shown in Figure 2-5 work well when building circuits on breadboards as they fit into the
breadboard holes. Larger potentiometers like the one on the right in Figure 2-5 can also fit
into breadboards. Potentiometers like the one in the middle are easier for soldering wires
to.

isatype of resistor with an adjustable knob to vary the resistance of current.

FIGURE 2-5 Different potentiometers




<= \/isit the companion site at www. wi | ey/ go/ advent ur esi nar dui no to watch avideo showing different
types of potentiometers.

The circuit to connect the potentiometer to the Arduino involves three connections. You
can think of the potentiometer as having two kinds of pins: apair of outside pinsand an
inside pin. Theinside pin iswhat is connected to an Analogue Pin on the Arduino. The
Analogue Pins are the section of pinsyou havent yet used (see Figure 2-6). There are six
pinsin total and they each start with the letter A (AOQ, A1, A2, A3, A4 and A5).
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FIGURE 2-6 Anaogue pins on the Arduino Uno

It-s time to build your first circuit with a potentiometer! Go through the following steps to
build the circuit in Figure 2-7:

1. Useajumper wire to connect 5V on the Arduino Uno to one of the long rows running
along the bottom of the breadboard. If the breadboard is labelled with ared line or +,
connect 5V to that row; otherwise, choose either row.

2. Use another jumper wire to connect GND on the Arduino Uno to the other long row
on the breadboard.

3. Insert the legs of the potentiometer into any of the short rows in the middle of the
breadboard.

4. Use ajumper wire to connect one of the outside legs of the potentiometer to the long



row connected to GND on the Arduino Uno.

5. Use another jJumper wire to connect the other outside legs of the potentiometer to the
long row connected to 5V on the Arduino Uno.

6. Connect the middle leg of the potentiometer to pin AO on the Arduino Uno.

fritzing

FIGURE 2-7 Circuit for connecting a potentiometer

You can read in a value coming from the potentiometer that corresponds to the position of
the shaft or knob on the potentiometer and print it to the Serial Monitor. To do this, go to
- es 01.Basics and open the sketch AnalogReadSerial. Then upload the
sketch to your Arduino Uno (remembering to set the board and port asyou did in

Adventure 1 and earlier in this adventure).

When you-ve finished, click the Serial Monitor button to open the Serial Monitor. Rotate
the potentiometer all the way to the left and then all the way to the right. You should see
numbers displayed in the Serial Monitor, ranging from 0 at one end to 1023 at the other.
These are the minimum and maximum numbers that the Arduino can read in from an
analog input. When the number iso, the pinisreading in ground (OV). When it-s 1023, it
means that the pinisreading in 5V. Any number in between meansthat it isreading in a
voltage that-s somewhere between ground and 5V. 5V is the maximum voltage that the
Arduino Uno outputs and OV is the minimum, so this circuit measures whether the
potentiometer is all the way to the left or right by measuring whether the voltage the
potentiometer is outputting is the maximum, minimum or something in between.
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seen before:
i nt sensorVal ue = anal ogRead( AO) ;

Thisline reads in the value (or voltage) being output by the potentiometer circuit to Pin A0 using the function

you can do something with this number later. A new variable, sensor Val ue, is created, and the number that
\anal ogRead() readsinissavedinthat variable. That variable isthen printed to the Serial Monitor.

So what is happening in the code? Theres one line of code in the AnalogReadSeria sketch that you haven-

anal ogRead() . Thisfunction gives you number between 0 and 1023. You need to save this value into a variable so that

J

ﬁ& You might have aready noticed that Arduino uses American spellings for words like —analog.ll 1t-s

important to remember this as an Arduino Uno doesn+ know what anal ogueRead() means, only
anal ogRead() .



CHALLENGE

¥  Switch the outside pins on the potentiometer so that the one that was connected to 5V is now connected to
ground, and the one that was connected to ground is now connected to 5V. You don- need to change any of
the Arduino code.

What changes when you have the circuit set up this way as opposed to how it-s wired in Figure 2-7?



Making Decisionsin Code

To build interactive projects, you need to be able to take input from the real world and
then have the Arduino Uno do what you want according to that input. That means you
need to use code to make decisions based on incoming information from sensors. For
example, if you were building a burglar alarm, you would want to sound the alarm only if
the alarmed door was open, so you need to know how to explain that in code.

Computers work by answering yes or no questions. Those yes or no questions need to be
phrased like this:

Written in code (so that the computer understands it) these questions would look like this:

3>5

10 == 10

4 <= 8
The computer or Arduino Uno can then do different things based on whether the answer to
the question isyes or no (or true or false). It doesthisby using i i statements. If the
answer to the question in the Isyes, then the code between the { and } is executed:

i f(a<b) {

/'l then execute the code in here

}
If the answer is no, then the code in the IS skipped.

For example, the following code:

i f(3<5) {
Serial.println("The statenment is true.");

}

Serial.println("This is after the if statenent.");

would print the following:

The statement is true.
This is after the if statenent.

But the following code:

if(3<1) {
Serial.println("The statenment is true.");

}

Serial.printIn("This is after the if statenent.");
would print:

This is after the if statenent.

It-s always easier to understand a new concept by building something yourself and seeing
how it works. In the next section, you+e going to usei i statementsin a project to create a



status message sign.



Building a Status M essage Sign

Have you ever seen arecording studio, either inreal lifeor on aTV program or movie?
There is usually asign on the outside of the room that says -RECORDINGII that lights up
to let people know not to enter because there-s arecording session in progress.

You are going to build your own sign that lets other people know whether they can enter,
knock first or stay out. (If you don+ want to use the signs suggested here, feel free to make
up three different messages that are entirely your own.) Each message has an LED next to
it. The lighted LED indicates which message is the active one. You set which message you
want to be active with a control knob on the side of the sign, as shown in Figure 2-8.

e

FIGURE 2-8 A status message sign




What You Need

For this adventure you build your first project with its own housing. You need the
following tools and materials to first build and test the circuit on a breadboard and then
also the tools and materials to build the complete project. Figure 2-9 shows the electronic
components that you need.

e A computer

e An Arduino Uno

e AUSB cable

¢ A breadboard

e 3LEDs(1green, 1yelow, 1, red)
o 32200 resistors

e 1 10k® potentiometer

e 8jumper wires

e Somewire

e Some electrical tape

e Some solder

e A shoebox or other small box

e Paper or paint to decorate the box
e Scissorsor autility knife

e A solderingiron

e Wire cutters

o Wire strippers

e USB power supply (optional)



FIGURE 2-9 The electronic components you need to make a status message sign




As soon as you start soldering and gluing materials together, if you make a small mistake
it can be difficult to undo. Theres away around this: before you create your finished
circuit, you should always make a prototype of it on a breadboard first, to make sure the
circuit works properly. That way, if you make any mistakes in your design you can easily
correct them before you have the components permanently in place.

Figure 2-10 shows the circuit that you—+e going to build for your sign. You will be building
acircuit with three LEDs and one potentiometer. The LEDs will be connected to Pins 5, 6
and 7, and the potentiometer will be connected to ground, Pin AO and 5V.

Arduino —
U 220 Ohms | |220 Ohms H 220 Ohms
GND 3B
10k Ohms ] o z
by , Vo MA T AA

FIGURE 2-10 Circuit schematic for the sign

You are now going to test the circuit and the Arduino code on the breadboard, then you
will rebuild the circuit without a breadboard.




Prototyping on a Breadboard

To build your prototype circuit, use the following steps.

1.

10.

11.

Use ajumper wire to connect 5V on the Arduino Uno to one of the long rows running
along the bottom of the breadboard. If the breadboard is labelled with ared line or +,
connect 5V to that row; otherwise, choose either row.

Use another jJumper wire to connect GND on the Arduino Uno to the other long row
on the breadboard.

Insert the legs of the potentiometer into any of the short rows in the middle of the
breadboard.

Use ajumper wire to connect one of the outside legs of the potentiometer to the long
row connected to GND on the Arduino Uno.

Use another jJumper wire to connect the other outside legs of the potentiometer to the
long row connected to 5V on the Arduino Uno.

Connect the middle leg of the potentiometer to pin A0 on the Arduino Uno.

Put one leg of one of the resistorsin a short row on the top half of the breadboard
towards the left side of the board. Put the other leg of the resistor in the short row
across the gap in the middle of the breadboard directly below where you-ve inserted
the first resistor leg. The rows of the breadboard aren-+t connected across the gap, so
each resistor legisinitsown rowf they aren+ touching the same piece of metal
inside the breadboard.

Repeat with the second and third resistors. Place one resistor in the centre of the
breadboard and the other towards the right side of the breadboard. Each resistor
should reach across the gap in the middle of the board and have one leg in a short
row above the gap and the other in a short row below the gap.

Now add the LEDs. The long leg of each LED connects to the resistor, and the short
leg connects to ground. Insert the long leg of each LED into the same short row as
each resistor. It should be placed just below the resistor. Place the green LED on the
left side of the breadboard, the yellow in the middle and the red on the right side.

Insert the short leg of each LED into the long rows running the entire length of the
breadboard at the very bottom that is connected to GND on the Arduino Uno.

Using three more jumper wires, connect one wire from Pin 5 on the Arduino Uno
(not A5, but the 5 in the section labelled Digital) to the top of the resistor on the left
side of the breadboard connected to the green LED. Use a second jumper wire to
connect Pin 6 to the middle resistor connected to the yellow LED and athird jumper
wire to connect from Pin 7 to the last resistor connected to the red LED.

When finished, your prototype circuit should look like the onein Figure 2-11. Notice
anything? The full circuit for the sign is a combination of the two circuits you were
worked with earlier in this chapter. The potentiometer isread into Pin AO, and the three
LEDs are controlled by the output on Pins 5, 6 and 7.



fritzing

FIGURE 2-11 Prototype circuit on the breadboard for the sign




Next you need the code. Launch the Arduino IDE and type the following sketch in a new
sketch window. Do+ forget to saveit!

Start your sketch by creating empty and functions.

void setup() {
}

voi d | oop() {

}
Next add a variable at the top of the sketch to keep track of your potentiometer.

/] Pins
int potPin = AO;

Inthe , Start serial communication so you can print messages to Serial Monitor.
Type the following lines between the { and } of the

/] start serial
Seri al . begi n(9600) ;

The function controls al the action. The value from the potentiometer is read and
saved in avariable called . A different message is then printed according to the
number saved in the variable. The message prints out what should happen with

the LEDs. Type the following lines between the { and } of the
i nt pot Val ue = anal ogRead( pot Pi n) ;

[l print what the pot value is
Serial.print("Potentionmeter is: ");
Serial.println(potVal ue);

[l if pot is less than 341
i f(potValue < 341) {
Serial.println("Turn on green, turn off yellow and red");

}

/[l if pot nore than or equal to 341 and

/'l less than 682

i f(potValue >= 341 && pot Val ue < 682) {
Serial.println("Turn on yellow, turn off green and red");

}

/[l if pot nore than or equal to 682
i f(potValue >= 682) {
Serial.println("Turn on red, turn off green and yellow ");

}

/1l A pause to slow down the nessages
del ay(50);

Save the sketch and upload it to your Arduino Uno. Open the Serial Monitor and see what
happens when you turn the potentiometer. You should see the value of the potentiometer



print along with what the LEDs should be doing  but you haven+ programmed the LEDs
yet. Timeto do that now!

Add three more variables to keep track of the LED pins at the top of your sketch.

int greenLED = 5;
int yell onL,ED = 6;
int redLED = 7,

Inside set up() , add the code to set each pi nivbde() .

/1l set to output to LED pins
pi nMode( gr eenLED, OUTPUT) ;

pi nMode(yel | owLED, OUTPUT) ;
pi nMode(redLED, OUTPUT) ;

Inthel cop(),add thedigital wite() functionsto turn on and off each LED (shownin
bold in the following code). You can also remove the del ay() at theend of the! oop().
Your full sketch should look like this:

/] Pins

int potPin = AOQ;
int greenLED = 5;
int yell owL,ED = 6;
int redLED = 7;

voi d setup() {
/]l set to output to LED pins
pi nMode( greenLED, OUTPUT) ;
pi nMode(yel | owLED, QOUTPUT);
pi nMode(redLED, OUTPUT);

[/ start serial
Seri al . begi n(9600) ;
}

void loop() {
i nt potVal ue = anal ogRead( pot Pi n);

/1l print what the pot value is
Serial.print("Potentionmeter is: ");
Serial . println(potVal ue);

/1 if pot is less than 341
i f(potValue < 341) {
Serial.println("Turn on green, turn off yellow and red");
/1 turn on green LED
digital Wite(greenLED, H GH);

/[/turn off yellow and red LEDs
digital Wite(yell owLED, LOW ;
digital Wite(redLED, LOW;

}

/1 if pot nore than or equal to 341 and
/'l less than 682
i f(potVal ue >= 341 && pot Val ue < 682) {



Serial.println("Turn on yellow, turn off green and red");
/1 turn on yellow LED
digital Wite(yell owLED, H GH);

// turn off green and red LEDs
digital Wite(greenLED, LOW;
digital Wite(redLED, LOW;

}

/1 if pot nore than or equal to 682
i f(potVal ue >= 682) {
Serial.println("Turn on red, turn off green and yellow ");
[/ turn on red LED
digital Wite(redLED, H GH);

/1l turn off green and yell ow LEDs
digital Wite(greenLED, LOW;
digital Wite(yell owLED, LOW;

}
}

Upload the sketch with the circuit on the breadboard. If you don+ want to type all the
code, you can download the sketch from the companion site at
www. Wi | ey. comi go/ advent ur esi nar dui no.

Ready? Timeto try it out. You should be able to change which LED turns on by turning
the potentiometer. Only one LED should turn on at atime. You can open the Serial
Monitor in the Arduino IDE to make sure the correct values are coming from the
potentiometer.




DIGGING INTO THE CODE

Thereis one bit of code in the sketch for the status message sign that you haven+ seen before: &&. Those
two ampersands (&&) without a space in between means that both the piece of code before it and after need to
be true.

For example:

4<6 && 10<20

is true because both 4<=6 and 10<20 are true. But:
3>9 && 5<7

is false because only 5<7 istrue; 3>9 isfalse. The && symbol isaway to combinerestrictionsinani f statement. In
\your sketch, it-s used to turn on the yellow LED only if pot Val ue>=341 and also pot Val ue<682.




In any project, the thing that really bringsit cometo lifeis the structure in which you
house the electronics. It doesn just protect your electronics and hide the parts you don-
want to sed it also gives you a chance to get creative. The code and circuit are a big part
of the creative process of making an Arduino project, of course! But thisis the part where
you can really let your imagination run riot so you can show off your project to your
friends and family by getting it off the breadboard and into a stylish new home!

You can choose whatever materials you would like to use to create your sign, but a
shoebox works well. It can easily be cut with a utility knife or scissors and decorated with
paper and glue or paint, and you-l be able to make it as personal asyou like.

JIDER

You can watch a video demonstrating how to build the sign and solder the circuit on the companion site
at www. wi | ey. conf go/ advent ur esi nar dui no.

Cutting Holes for the Potentiometer and L EDs

Before you decorate the box, you need to cut some holesin it where you want your LEDs
and the knob of the potentiometer to be located. Make five holes: three for the LEDs, one
for the knob and one for the USB cable. Measure the lenses of the LEDs and the shaft of
the control knob so you can make the holes just big enough for those components to fit
snugly into them. (If you make the holes too big, the LEDs and knob will just fall out!)
For the USB cable, the hole needs to be large enough for you to pass the end of the USB
cable that plugs into the Arduino through it.

If you are using a shoebox, | recommend that you make the holes for the LEDs, knob ,and USB cable in
the bottom of the box, as shown in Figure 2-12. That way you can easily remove the lid to access the
electronics and then quickly hide them all away.



FIGURE 2-12 Cutting holes for the LEDs and knob

Adding the Status M essages and Decor ating the Sign

Now you-e ready to transform your old shoebox into aslick sign box by painting it or
covering it with paper. Decide on your message§ you can use the messages |-ve
suggested in Figure 2-11 or create your own. It doesn+ matter whether you write or paint
them onto the box yourself, print them from a computer and glue them next to the LEDs,
cut them out of magazine§ do whatever you like. There are no limits! Express your
creativityl use paint, markers, crayons or whatever you have available. In my opinion,
you can seldom go wrong with glitter. Or why not use natural materials like feathers or
dried flowers?

Soldering the Circuit

You know that your code and circuit work (and if you haven+ tested them, go back and do
that!), so you are ready to more permanently assemble your circuit. Circuits depend on
electricity flowing through conductive materials like metal. That means you can- use
things like glue to connect componenty the electricity can+t flow through glue. Instead
you use solder. It-s like conductive glue.

Solder isametal that melts at alower temperature than most metals, but that lower
temperature is still quite hot! Much hotter than the oven in your kitchen ever gets, so it-s
important that you are safe when soldering. Take as much care as you would handling hot
pots and pans when cooking.



ﬁ& Only solder when an adult is nearby to help!
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There are lot of resources online to help you get started soldering if you haven-t done it before.
YouTubeisfull of videos, but the tutorials on Sparkfun

(https://learn.sparkfun. com tutorial s/howto-sol der---through- hol e-sol dering ) and
Adafruit (https://1 earn. adafruit.com adafruit-qui de-excel | ent-sol dering ) are excellent places
to start.
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Soldering can get difficult when you feel like you-ve run out of hands to hold things. You can get atool
caled athird hand or helping hand that can help hold things still for you. An alternative isto use a bit of

9 poster putty to hold an item in place while you solder it. )

When any paint or glue on your box isdry, you can start laying out your circuit. Before
you start, you should decide where your Arduino will be located inside your box.

Heres how you make your LED circuit (see Figure 2-13):

1. Connect aresistor to each of the LEDs. Twist the leg of aresistor with the long leg of
an LED so that they don- easily come apart. Solder the connection. Do thiswill all
three LEDs.

2. Placethe three LEDsin their holesin the box. Bend the shorter leg (the leg that
connects to ground) of the top LED down towards the LED below it. Repeat with the
middle LED and bend the shorter leg towards the bottom LED.

3. Cut apiece of wire that reaches from the leg of the top bent LED to the middle bent
LED leg and then a second piece of wire that reaches from the middle bent LED leg
to the bottom bent LED leg. It-s better for the wires to be too long than too short. Cut
at least an inch more than you measured. Use wire strippersto strip approximately a
» Il from each end of the wires.

4. Remove the LEDs from the box. Twist one end of the one of the wires with the short
bent leg of the top LED. Solder them together with a soldering iron.

5. Twist one end of the other wire with the short bent leg of the middle LED. Solder
them together.

6. Now you will connect the wire connected to the short leg of your top LED to the
short leg of the middle LED. Twist the end of the wire hanging from the top LED
around the bent leg of the middle LED and solder them together.

7. Repeat with the wire connected to the middle LED to connect it to the bottom LED.

8. Put your newly connect LEDs into their holes in the box to make sure they still fit. If
they don+, you can cut or desolder the wires and try again.

9. You now are going to cut the wires that will reach from the LEDs to the Arduino



Uno. You need to measure and cut three wires that reach from the resistors connected
to the LEDs and one wire that reaches from the short leg of the bottom LED. Again,
cut them about an inch longer than the measurement and strip a» Il from each end.

10. Solder each of the wiresto their resistor or LED.

ﬁ% Remember to only solder with an adult. Be careful; the end of the soldering iron is very hot!

FIGURE 2-13 The LED portion of the circuit

Now solder the wires to the potentiometer (shown in Figure 2-14):

1. Place the potentiometer in its hole. Cut three wires that reach from the potentiometer
to the Arduino board.

2. Strip about half an inch of the plastic from one end of each of the wires and solder
each wireto aleg of the potentiometer.

3. Strip about ° |l of the plastic from the free ends of each wire. You do this so that they
can be inserted into the pins on the Arduino board.



FIGURE 2-14 Soldered potentiometer

At this point, stop and inspect your work. Carefully check that none of the exposed metal
from the wires or component legs can touch each other. If they can, they might create
accidental electrical connections. If thisis the case, wrap electrical tape around the metal
to prevent that happening.

I nserting the Electronics

When the glue and paint you-ve used to decorate the box is completely dry, you are ready
to finish your sign and install your electronics.

Place the LEDs into their holesin the box. You can use alittle glue or tape to hold them in
place if you need to.



The potentiometer comes with a washer and nut that screw down on the base of the shaft.
Remove these, push the potentiometer through its hole and screw down the washer and nut
to hold it firmly on the box. You can make a control knob to attach to the end of the
potentiometer if you-d like.

Insert your wires from your components into the Arduino Uno. The three wires connected
to theresistors go to Pins 5, 6 and 7. The wire connected to the short leg of the bottom
LED isinserted in a GND pin. One of wires connected to an outside leg of the
potentiometer isinserted in 5V, and the other outside leg is connected to GND. The
remaining wire connected to the middle pinisinserted in Pin AO.

You now need to decide how you want your project to be powered. You can, of course,
leave your Arduino Uno connected to your computer, but that can be inconvenient. You
can also still use your USB cable, but plug it into awall adapter instead of your computer,
as shown in Figure 2-15. Wall adapters often come with new mobile phones, so you might
have one lying around already. Any that lets you connect a USB cableisfineto use.

FIGURE 2-15 Power supply that you can use with an Arduino board

Congratulations! You have created your own status message sign that you can set up and
plug in to display a message of your choice. You-ve created your first Arduino project that
breaks free from the computer and can run on its own. Yours may look very different from
the one in Figure 2-16, and that-s great! You are well on your way to becoming an
Arduino expert!






Further Adventureswith Arduino

Now that you can change the output of the Arduino Uno according to the turn of a
potentiometer, what else could you do? Here are some project ideas:

Arduino Command Quick Reference Table

Command

Description

i nt

Data type that creates a new variable that is an integer (whole number). See also
http://ardui no.cc/en/ Ref erence/lnt.

Seri al . begi n()

Starts the serial communication so messages can be sent and received. See also
http://ardui no.cc/en/ Serial /Beqin.

Serial.print()

Sends a message without a newline at the end. See aso
http://ardui no.cc/en/Serial/Print.

Serial.println()

Sends a message with anewline at the end. See adso
http://ardui no.cc/en/Serial/Println.

anal ogRead()

Reads in the voltage on the specified pin and assigns it a number from O (for
ground) to 1023 (for 5V). See also

http://ardui no. cc/ en/ Ref er ence/ Anal ogRead.

i)

Used to determine whether a section of code will be executed. See also
htt p: // ardui no. cc/ en/ Ref erence/ | f.
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You are taking charge and making decisions!




|n the Next Adventure

You will start adding motion and controlling a motor in the next project.




Working with Servos

ONE WAY OF making your projects more dynamic is by introducing movement. \When
you add movement to a project it can feel asif you-ve actually brought it to life. This
adventure will show you how, by working with a servo motor and adding switches to your
circuits.

In this adventure, you will start by finding out about the new components you are going to
work with, then use those components to build a fantastic combination safe, which only
opens when you turn all the potentiometers to their secret positions and push the button. If
you know the right combination, the safe opens automatically. The safe is constructed
from cardboard, so wor+ withstand a brute force attack, but it can be used to deter parents
from getting inside!



What You Need

You will be using anew actuator, which isafancy word for an object that takes an
electrical signal and then does something in the real world. You have aready used one
type of actuator in Adventures 1 and 2: the LED. It takes electricity and turnsit into light.
In this adventure, you use a motor that takes electricity and turns it into motion.

An actuator translates an electrical signal into a real-world modifies action such as light, sound or
movement.

The opposite of an actuator is a sensor, and you will be using a new one of those as well.
Adventure 2 introduced the potentiometer, which senses rotation and translatesit into an
electrical signal. Here you use potentiometers again and also use a button to trandate a
pressinto an electrical signal.

A sensor detects something in the real world such aslight, sound or movement, and translatesit into an
electrical signal.

You need the following items. The electronic components are shown in Figure 3-1.

e A computer

e An Arduino Uno

e AUSB cable

¢ A breadboard

e 4 jumper wires

e A servo motor

e A tactile push button
e 1 10k® resistor



FIGURE 3-1 The electronic components you need for the first part of Chapter 3



Under standing Different Types of Motors

A motor is general term for something that takes electricity and turns it into mechanical
movement, but different types of motor let you control that movement in different ways.
When you think of a motor, the thing you think of is probably what is called a DC motor.
The DC in DC motor stands for . Direct current isthe type of electricity
that you use in your Arduino circuits.

isthe type of electricity used in Arduino circuits. It-s the same kind that is
generated by a battery and is the opposite of alternating current (AC), which is what comes out of main

lugs in the wall.
- Po Y

Toy DC motors are common in things like remote control cars. When a DC motor is
connected to DC current, it spins a shaft; you can control the speed of the motor and the
direction it spins, but not much else. For more control, you need something that will do
morg either a servo motor or a stepper motor.

There are different types of servo motor, but the most common is known as a standard
hobby . With a DC motor, the shaft spins, but you don-+ necessarily know
where the shaft is pointing when the motor stops. A servo motor knows which way the
shaft is pointing. Although you can tell a servo motor where to point, it has some
limitations; it can only point in some directions and can+ rotate afull circle. Whereas a
DC motor can rotate continuously, a servo motor can usually only rotate 180 degrees.

A stepper motor combines the strengths of the DC and servo motorsin that it can rotate
continuously and you can tell it a precise location to rotate to. But that comes at a price!
Stepper motors tend to cost more than other types of motor. Theres a solution to this: you
can choose the cheaper option of a DC or servo motor for your project (see Figure 3-2)
and get round the limitations by engineering a solution yourself.



FIGURE 3-2 A servo motor and toy DC motor

A servo isamotor that can be controlled to rotate to a specific position. It usually can-t rotate more than
180 degrees.

If you-d like to read more about how to use motors, check out Making Things Move by Dustyn Roberts
(McGraw-Hill, 2010).



Controlling a Servo with Arduino

The Arduino integrated development environment (IDE) comes with everything you need
to control a servo. It even has example sketches to get you going. In order to control your
servo, you need to open a sketch called Sweep. You open Sweep by launching the Arduino
IDE and clicking on Filef : Exampl _ Sweep (Figure 3-3).

mEdit Sketch Tools Help

New #N

Open... #0

Sketchbook *

01.Basics :

Close ®W 02.Digital [ 3

Save #S 03.Analog >

Save As... {+385 04.Communication >

Upload #U 05.Control >

Upload Using Programmer {3U 06.Sensors »
07.Display B

Fa}:]& Setup %P 08.Strings "

Print ®P 09.USB >
10.5tarterKit =
ArduinolSP
EEPROM B
Esplora >
Ethernet >
Firmata =
CSM =
LiquidCrystal »
Robot_Control i
Robot_Motor =
sD B
SoftwareSerial 3 Sweep
SPI =
Stepper >
TFT S
WiFi >
Wire S

FIGURE 3-3 Opening the Sweep example sketch

This sketch shows how to tell a servo to move. Read through the code in the Sweep
sketch. Thefirst line of code after the comments hasn- appeared in the code you used in
Adventures 1 and 2:

#i ncl ude <Servo. h>

The #i ncl ude istelling Arduino-s compiler that the Sweep sketch will be using some
functions that aren+ always included in an Arduino sketch, and that the compiler can find
those functionsin alibrary caled ser vo. The code tells the compiler that it should read the
library file called servo. h. The < > around the filename means that the file is located in



the standard location on the computer where all Arduino libraries are stored.

Now look at the next line of code:

Servo nyservo;

This creates anew variable called nyser vo but this variable isn+ an integer like the other
variables you-ve used (such as gr eenLED in Adventure 2). Instead, it isthe type ser vo
(instead of i nt ). Because the variableisaser vo, it holds al the information needed to
communicate with a servo.

Thereisjust one more line of code to finish setting up the servo in the Sweep sketch. The
Arduino Uno needs to know which pin the servo will be connected to. This only needs to
be done once, so that should happen inthe set up() function. A few lines down in the
sketch you should see the following line:

nmyservo. attach(9);

Now you need to build acircuit to hook up your servo motor to your Arduino board,
which will end up looking like Figure 3-4. You-| be glad to hear that this needs just three
connections: 5V, ground and the controlling pin. Unfortunately the bad news is that not all
servo motors make those connections in the same order. Some servos (such as those
shown in Figures 3-1 and 3-2) come with alabel that nicely illustrates the connections. If
yours doesrH, find out if the place where you bought the servo has any information. If that
doesn provide any help, you can just try wiring the circuit in different combinations until
it works!

fritzing

FIGURE 3-4 Circuit to connect a servo to the Arduino board

Build the circuit for the servo:

1. Useajumper wire to connect the ground pin (may be labelled GND or OV) on the
servo to any of the GND pins on the Arduino Uno.



2. Use asecond jumper wire to connect the 5V pin on the servo to the 5V pin on the

Arduino Uno.
3. Useathird jumper wire to connect the remaining pin on the servo to Pin 9 on the
Arduino Uno.

After the circuit is built, upload the Sweep sketch (check out Adventure 1 if you haven+
done this before), and watch your servo cometo life! It should start rotating back and

forth. You will hear and see it working.



Repeating the Same Thing Over and Over

The Arduino board controls the servo motor through electrical pulses that tell it where to
rotate. You don- have to worry about how it does that, as the details are nicely handled by
the servo library. All you have to do is tell the servo where to go to. You can choose a
position for the servo to point anywhere between 0 and 180 degrees.

In the Sweep sketch, the servo rotates its arm back and forth. You could tell the servo to
do this by copying and pasting nyservo. wri t e over and over again, like this:

nmyservo. wite(0);

nyservo.wite(1);

nmyservo.wite(2);
myservo. wite(3);

That isn+ avery efficient way to do things, though. Computers are really good at doing
repetitive tasks, so theres a better way to make the servo rotate back and forth. If you-ve

read the code in the Sweep sketch to see how it-s done there, you might have noticed a
programming tool called at or loop.
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== Afor loopisaprogramming device that repeats a block of code for a predetermined number of times.

The Sweep sketch hastwo f or loops. Heres the first one:

for(pos = 0; pos < 180; pos += 1)
{

nyservo. wite(pos);
del ay(15);

}
Tosetupafor loop, you need to provide three pieces of information:

1. First of al, you need to state what the starting condition is. In this the Sweep sketch
It-Spos = 0.

2. Next, you need to say what needs to happen for the f or loop to continue. Here, pos
has to stay below 180 (expressed in code aspos < 180). When pos isequal to or
larger than 180, the loop stops and the code in between the{ and} isno longer
executed.

3. Finally, you need to say what changes each time the loop is executed. In the Sweep
sketch, 1 is added to pos each time the code in between { and} is executed. Thisis
written as pos+=1, for short, but you can write it in a number of ways; you could
write it aspos=pos+1 Of pos++.
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>  The computer doesn notice indents or spaces between pieces of code. Sometimes code has spaces
added to make it easier to read. The following two lines of code look the same to the Arduino.



for(pos=0; pos<180; pos+=1)
for ( pos = 0; pos < 180 ; pos +=1)

It-s easier to see the three parts of the loop when there are spaces included.

Phew! It-s probably time for arecap. In this example, in the loop, starts at o.
Because 0 islessthan 150, the code in the Is executed. The servo is set to 0 and then
pauses for 15 milliseconds (by using the function). 1 isadded to pos, so it now
equals 1. Because 1 islessthan 130, the servo is set to 1 and then pauses for 15
milliseconds. This keeps happening until IS179. The servo is set to and 1 isadded
to making it 150. isno longer less than 180, so the code in the IS skipped and
the Arduino goes onto the next line of code after the loop.



CHALLENGE

v Whatis happening in the second f or loop in the Sweep sketch? Thisiswhat it looks like:

for(pos = 180; pos>=1l; pos-=1)
{

nyservo. wite(pos);
del ay(15);

}

Changethef or loop so that the servo only rotates from O to 90.



Digital Input with a Push Button

You might think the simple switch would be quite a straightforward electrical component,
but in fact switches are deceptively complicated. They come in many shapes and sizes.
You have many of them in your house to turn on and off your lights. All they dois
complete or interrupt a circuit. Sometimes they change where the current flowsin a
circuit, but the type of switch that turns your lights on and off is made from two pieces of
metal that either touch or don+ touch, depending on the position of the switch.
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There is another type of switch, called atactile push button. It also has two pieces of
metal inside of it, but in this case they only touch when the button is actually being
pressed. A tactile push button has four legs, but it-s better to think of them as two pairs of
legs because the two legsin each pair are always electrically connected even when the
switch is not being pressed. When the button is pressed, all four legs are electrically
connected. See Figure 3-5 for an illustration of how a tactile push button works.

A switch is a component that either disrupts or redirects the flow of current in acircuit.
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A tactile push button isatype of switch. A push-to-break push button interrupts the flow of current in
acircuit when it is pressed. A push-to-make push button does the opposite by interrupting current only
when it is not pressed.

When the button is pressed current can
flow between the two pairs of legs.

/N

These two legs are
always electrically
connected.

These two legs are
always electrically
connected.

FIGURE 3-5 How atactile push button works

Now you~e going to build the circuit, including a push button, as shown in Figure 3-6.

1. Insert the push button into four rows in the centre of your breadboard. The push




button fits over the gap in the middle, so two legs are inserted in two rows on the top
half of the board and the other two legs are in two rows on the bottom half of the
board.

2. Use ajumper wire to connect the row where the bottom-right leg of the push button
Isinserted to one of the long rows along the bottom of the breadboard. If your
breadboard is labelled with ablack or blue line or a -, connect it to that row. If your
breadboard isn+ labelled, connect it to either row.

3. Use another jumper wire to connect the long row connected to the push button to one
of the GND pins on the Arduino Uno.

4. Use ajumper wire to connect Pin 2 on the Arduino Uno to the row connected to the
top-left leg of the push button.

------------------------
iiiiiiiiii

-----------------------------
-----------------------------
-----------------------------
-----------------------------
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FIGURE 3-6 Circuit with atactile push button

Now you-ve built your circuit, open the example sketch at File;

_ Examples; | 01.Basics
DigitalReadSerial. Upload the sketch and open the Serial Monitor by clicking the

button in the Arduino IDE or going to Tools: ;| Serial Monitor.

Ready? Time to press and rel ease the button. What happens in the Serial Monitor? When
your finger is pressing the button, you should see a 0 printed; when the button is not being
pressed, you should see a mixture of Os and 1s. The sequence of Os and 1sisrandom, so
you might see mostly Os or mostly 1s rather than an even mixture of thetwo. Thisis
what-s called afloating input. When the button isn+ being pressed, the pin isn+
connected to a voltage source such as ground or 5V] itsfloating. The Arduino Unois
reading in random values from that pin.
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It-s not a good thing to have floating values. The main reason is that when the Arduino

A floating input isapin that is not connected to anything. The pin reads in random valuesiif it is not
connected to a voltage source, such as ground, 5V or a sensor.




—eads inll adigital signal from apin, it reads in a 0 when the pin is connected to ground
and readsin a 1 when it-s connected to 5V. If the pin isn+ connected to either ground or
5V and israndomly reading in 0 and 1, then it-s impossible for your code to make good
decisions based on the input from that pin. If you want to start a motor moving only when
abutton is pressed, connecting that pin to ground, then you can+ have the pinreading in O
when the button isn+ pressed.

The way around this problem isto use akind of resistor called a . A pull-
up resistor gives a default value of 5V to a pin by always connecting that pin to 5V. The
pin is also connected to the push button, and the push button is connected to ground. The
resistor usually has quite a high value, such as 10k®. There is no resistance between
ground and the pin when the button is pressed, so the pin connects to ground instead of 5V
through the pull-up resistor. Electricity always chooses the path with the least resistance,
and, in this case, that is the path between ground and the pin.

A isaresistor that is connected to the high voltage in a circuit, which sets the default
state of the pin on that circuit to . The resistor is usually 10k®.

Like most things with electronics, the effect of a pull-up resistor is much easier to
understand when you actually build a circuit and see what happens for yourself. That-s
what you-e going to do now. Change the circuit on your breadboard to the one shown in

Figure 3-7.
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FIGURE 3-7 Circuit with a pull-up resistor

You don+ need to change anything in your Arduino code, and you can just leave the Serial
Monitor open. Now, what happens when you press and release the button? It should now
only show 0 when the button is pressed and 1 when it is released.

The Arduino board has pull-up resistors built into it already, so you can use these instead
of building a pull-up resistor into your circuit on the breadboard. To do this, you first
indicate that you want to use one of the built-in pull-up resistors when you set up the

pi nMbde() Insetup(), by typing in the following code:

pi nMbde( pushBut t on, | NPUT_PULLUP) ;

Next, change the DigitalReadSerial sketch so that the second argument of pi nivbde is
| NPUT PULLUP Instead of | NPUT. Your set up() should look like:

voi d setup() {
/1l initialize serial comrunication at 9600 bits per second:
Seri al . begi n(9600) ;
/'l make the pushbutton s pin an input:
pi nMode( pushBut t on, | NPUT_PULLUP)

}

Finally, upload the sketch again and change your circuit on your breadboard to the onein
Figure 3-8 by removing the 10k® resistor and jumper wire connecting 5V and one of the
long rows. Your button should act the same way asit did when you had the pull-up resistor
on the breadboard.
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FIGURE 3-8 Circuit with a push button and internal pull-up resistor on the Arduino board




Building a Combination Safe

WEell done! You have built up quite an arsenal of sensors and actuators. Now you can start
putting them together to make something very cool and very useful: a combination safe
that opens and closes automatically (see Figure 3-9). To open the safe, you dia in a
combination and push a button. The box will only open if the combination is correct, and
it will stay open until you release the button. It can be a great place to keep a secret candy

stash or keep your favourite pens and pencils from being —borrowedll without your
permission.

FIGURE 3-9 Combination safe




You need the itemsin the following list to build your safe. It includes the components you
need to prototype your circuit on a breadboard and the components you use in your safe.
Figure 3-10 shows the electronic components you need.

FIGURE 3-10 The electronic components you need to build your combination safe

You use a different button in your safe than on your breadboard. You use a panel mount
push button instead of atactile push button. You still use atactile push button to test your
circuit on abreadboard, but the panel mount button is bigger and easier to mount on a
cardboard box. You find out how to connect wires to the panel mount button later in this
chapter.

A panel mount push button isa push button that is designed to be mounted inside a case. It comes
with anut and washer to secure it to a panel.

Have the following supplies on hand before you start the project:

e A computer

e An Arduino Uno

e AUSB cable

e A breadboard

e 16 jumper wires

¢ A tactile push button (push-to-make)

e A panel mount push button (push-to-make)



e A servo motor

e 3 10k®d potentiometers

e Some solder

e A solderingiron

e Somewire

e A paperclip or bamboo skewer

e A small box with alid to be your safe
e A hot gluegun

e Scissorsor autility knife

Your box can be any size, but abox approximately the size of a shoebox works well. It
works best if the lid is aready attached to the base of the box, but the lid isn+ attached, |
explain how you can attach it yourself.

You can aso use anything you would like to decorate your box, such as paint or paper.

JIDER

£ \jsit the companion website to see a video showing how the building the safe

(wwmv. wi | ey. com go/ advent ur esi nar dui no ).




The circuit for the safe has three components a servo, three potentiometers and a push
button. The three potentiometers are read into three analog pins and the push button is
read into adigital pin. The servo motor is controlled from another digital pin.

Figure 3-11 shows the schematic for the safe. Looks complicated, doesn+ it? Don-t worry;
you will build it step by step. Before you solder the circuit for your safe, you—+e going to
make a prototype of it on your breadboard.

Arduino
n 5V,
10k Ohms 10k Ohms 10k Ohms ] Fé‘\}fm = Pulse —ED
o 9 GND
Al
A2

FIGURE 3-11 Circuit schematic for the combination safe
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M‘C In circuit schematics, line showing connections often cross over each other. In order to make it less
confusing, two lines are electrically connected to each other only when thereis acircle over their
intersection. Otherwise, they are two independent wires that don-t electrically make contact.



Prototyping on a Breadboard

You should always prototype a circuit on a breadboard before building your final project.
It-s much easier to fix any errors before you have started cutting wire and soldering
connections together! Build the circuit on a breadboard as shown in Figure 3-12.

1.

Start by placing the tactile push button on the right of the breadboard. It should fit
over the gap in the middle of the breadboard, and each of the four legs should be
pushed into the nearest rows.

Place three potentiometers evenly across the rest of the breadboard. Each leg of the
potentiometers should be in its own row on the breadboard.

Use ajumper wire to connect the 5V pin to one of the long rows along the bottom of
the breadboard and a second jumper wire to connect a GND pin to the other long row.
If your breadboard is |abelled (not all are), then connect 5V to the row with ared line
or +, and connect GND to the row with ablue or black line or -.

Connect the left leg of each potentiometer to the long row connected to GND using
three jumper wires.

Connect the right leg of each potentiometer to the long row connected to 5V using
three jumper wires.

Connect the lower-right leg of the push button to GND.

Use three jumper wires to connect the middle pin of each potentiometer to Pins AO,
Aland A2.

Use ajumper wire to connect the top-left leg of the push buttonto Pin 7.

Make the three connections for the servo. Connect the ground pin of the servo to the
long row on the breadboard connected to GND, connect the 5V pin of the servo to the
long row connected to 5V and connect the remaining pin on the servo to Pin 9 on the
Arduino Uno.



------------------------

---------
oW oW
LI L L
LI L

------------------------------
- e ow oW T R - W
- W - . - - LI - W

- - - " w - W
- - L L - . L

S~

fritzin

FIGURE 3-12 Circuit for the combination safe




Just like the circuit, the sketch for the safe looks complicated at first. But after you build it
up, step-by-step, you will see that sketch is just the combination of smaller sections of
code. The code detects whether the button is being pressed. If it is, the Arduino Uno
checks whether the three potentiometers are turned to the correct values to open the box. If
they are, then the box opens; if they aren+, then nothing happens.

Start by launching the Arduino IDE. Start a new sketch with an empty and

voi d setup() {

}
voi d |l oop() {

}

At the very top of your sketch before , add the following lines:
#i ncl ude <Servo. h>
/] Pins
int potPinl = AOQ;
int potPin2 = A1,
int potPin3 = A2,
int buttonPin =

7;
int servoPin = 9;

[/ other vari abl es

int openl = O;
int open2 = 1023;
int open3 = 0;
int range = 10;

i nt boxOpen = 0;

Servo servo
Thefirst line imports the library to control the servo and the rest of the lines are variables.
Thefirst group (under ) are the variables to keep track of which pins are
connected to the sensors and actuator.

The next five variables are for controlling the box. The variables : and

are the values that the potentiometers need to be turned to in order to open the box.
Because it can be difficult to turn the potentiometer to a precise number (especially when
you aren+ using Serial Monitor to see the exact values from the potentiometers), the
variable is used to determine how close you have to be to the right number. For example,
any value from through to registers the second potentiometer
as being in the correct position. The larger the number stored in ,theeasier itisto
open the box.

The variable is used to keep track of whether the box is opened or closed. The
box starts closed, so the variableis set to 0. When it isopened, it is set to 1 and then
changed back to 0 when the box is closed. The function holds the code that



controls boxpen.

Thelast variableisafamiliar one: ser vo. It isthe variable that communicates with the
Servo.

The next step isto add the code to the set up() :

/1l set button pin to be an input with
/1 with pull-up resistor
pi nMbde( butt onPi n, | NPUT_PULLUP)

/1l attach servo to pin

servo. attach(servoPin); // attaches the servo on pin 9
/1l to the servo object

servo.wite(90); // start with the box cl osed

Seri al . begi n(9600); //start serial communication

Thefirst lineof set up() setsthepi nvode() for the push button and turns on the interna
pull-up resistor. The rest of the function attaches the servo to its pin, makes sure the servo
has closed the box and then starts serial communication.

Finish your sketch by adding the following to the | oop():

[l check if button is pressed
i nt buttonVal ue = digital Read(buttonPin);
[l if button is pressed and box is closed
i f(buttonValue == 0 && boxCpen == 0) {

/1l button is pressed

i nt pot Val uel anal ogRead( pot Pi nl);

i nt pot Val ue2 anal ogRead( pot Pi n2) ;

i nt pot Val ue3 anal ogRead( pot Pi n3) ;

Serial.print("pot 1: ");
Serial . print (potVal uel);
Serial.print(" pot 2: ");
Seri al . print (pot Val ue2);
Serial.print(" pot 3: ");
Serial.println(potVal ue3d);

/1 if all values are within correct range

i f(potVal uel < (openl+range) &&
pot Val uel > (openl-range) &&
pot Val ue2 < (open2+range) &&
pot Val ue2 > (open2-range) &&
pot Val ue3 < (open3+range) &&
pot Val ue3 > (open3-range)

) A

/'l open the box
Serial.println("opening");
for(int pos = 90; pos > 0; pos -= 1)
{
servo. wite(pos);
del ay(15);
}
boxOpen = 1;
}



}

/1 if button is pressed and box is open
i f(buttonVal ue==1 && boxQOpen==1) {
Serial.println("closing ");

/'l close the box
for(int pos = 0; pos < 90; pos+=1)
{

servo.wite(pos);
del ay(15);

}
boxOpen = 0;

}
You now have a complete sketch and you are ready to check whether your circuit is
working correctly. Upload your sketch to the Arduino Uno and open the Serial Monitor.
Turn the potentiometers until they match the values stored in opent, open2 and opens, and
then push and hold the button. The servo should rotate and stop. Release the button and
the servo should return to its starting position.

The Digging into the Code section goes through the loop in more detail to explain how
your safe functions. Here-s the full sketch:

#i ncl ude <Servo. h>

[l Pins

int potPinl = AQ;
int potPin2 = Al
int potPin3 = A2,
int buttonPin = 7;

int servoPin = 9;

/] other vari abl es

int openl = O;
int open2 = 1023;
int open3 = O0;
int range = 10;

int boxOpen = 0;
Servo servo

void setup() {
/1l set button pin to be an input with
/1 with pull-up resistor
pi nMode( but t onPi n, | NPUT_PULLUP)

/]l attach servo to pin

servo. attach(servoPin); // attaches the servo on pin 9 to the servo
obj ect

servo.wite(90); // start with the box cl osed

Seri al . begi n(9600); //start serial comunication

}

void [ oop() {
/'l check if button is pressed
i nt buttonVal ue = digital Read(buttonPin);



/1 if button is pressed and box is cl osed
i f(buttonValue == 0 &% boxQpen == 0) {

/'l button is pressed

i nt pot Val uel anal ogRead( pot Pi nl);

i nt pot Val ue2 anal ogRead( pot Pi n2) ;

i nt potVal ue3 anal ogRead( pot Pi n3) ;

Serial.print("pot 1: ");
Serial . print(potVal uel);
Serial.print(" pot 2: ");
Seri al . print(potVal ue2);
Serial.print(" pot 3: ");
Serial . println(potVal ue3);

/1 if all values are within correct range
i f(potVal uel < (openl+range) &&

pot Val uel > (openl-range) &&
pot Val ue2 < (open2+range) &&
pot Val ue2 > (open2-range) &&
pot Val ue3 < (open3+range) &&
pot Val ue3 > (open3-range)

) {

/'l open the box
Serial.println("opening");
for(int pos = 90; pos > 0; pos -=1)
{
servo. write(pos);
del ay(15);
}
boxQOpen = 1;
}
}

/1 if button is pressed and box is open
i f(buttonVal ue==1 && boxQpen==1) {
Serial.println("closing ");

/] close the box
for(int pos = 0; pos < 90; pos+=1)
{
servo.wite(pos);
del ay(15);
}
boxOpen = 0;
}
}




DIGGING INTO THE CODE

b,
¥ # | et-slook at thel oop() of the code you-vejust input in alittle more detail.

The value of the but t onPi n isread in. If the value is 0 and the box is closed, then the values of each of the
potentiometers are read:

/1l check if button is pressed
i nt buttonVal ue = digital Read(buttonPin);

/1 if button is pressed and box is closed
i f(buttonValue == 0 & boxQpen == 0) {

/1 button is pressed

i nt pot Val uel anal ogRead( pot Pi nl);

i nt pot Val ue2 anal ogRead( pot Pi n2) ;

i nt potVal ue3 anal ogRead( pot Pi n3) ;

The value of each potentiometer is printed to the Serial Monitor to help with any debugging:

Serial.print("pot 1. ");
Serial . print(potVal uel);
Serial.print(" pot 2: ");
Serial . print(potVal ue2);
Serial.print(" pot 3: ");
Serial . println(potVal ue3);

If each potentiometer is within range of the correct value:

/1 if all values are within correct range
i f(potVal uel < (openl+range) &&

pot Val uel > (openl-range) &&
pot Val ue2 < (open2+range) &&
pot Val ue2 > (open2-range) &&
pot Val ue3 < (open3+range) &&
pot Val ue3 > (open3-range)

) |

then the box is opened by using af or loop to rotate to the O position. You know if the box is closed if boxOpen isO.
After the box is open, boxpen gets set to 1 so that you have confirmation that the box is open.

/1 open the box
Serial.println("opening");
for(int pos = 90; pos > 0; pos -= 1)
{
servo.write(pos);
del ay(15);
}
boxOpen = 1;
}
}

If the value of the but t onPi n is 1 and the box is open, the box is closed by using af or loop to rotate the servo to
position 90. The boxCpen variable is then set to 0.

[l if button is pressed and box is open
i f(buttonVal ue==1 && boxOpen==1) {
Serial.println("closing ");




/'l close the box
for(int pos = 0; pos < 90; pos+=1)

{
servo.wite(pos);
del ay(15);

}

boxOpen = 0;

}

If the button is pressed while the box is already open, or the button is released while the box is aready closed, then
\nothi ng isdone and the | oop() is repeated.




CHALLENGE

Set your secret combination to open the safe using the openi, open2 and open3 variables. Adjust how easy it isto dial
in the numbersusing r ange.



Making the Safe

At last, you+e ready to make your safe! Thisisvery similar in construction to the status
message sign in Adventure 2. You~+e going to use a box (such as a shoebox) to house the
electronics.

1.

Attach the lid to the box. When you attach the lid, make sure you attach it along one
side so that it hinges open and shut. That way, the servo motor can dramatically push
the lid up to open the box without the lid falling off. One way of doing thisisto make
a paper hinge with a strip of paper and glue, as shown in Figure 3-13.

Next, you need to decide where you want to put your potentiometers and button. This
Isentirely up to you, although you probably want them to be on the front of the box
for easy access. Cut holes so that the shafts of the potentiometers and button fit
snugly. Cut a hole that can pass the USB cable into the box to power the Arduino
Uno.

Servo motors come with a selection of different arms. These pop onto the end of the
rotating shaft of the servo motor. You want to use the one that isa single arm
extending from the shaft. (Don+ use the cross arm.)

The arm isn+ very long, so you can extend it by attaching another object to it. You
can use anything you like, but a bamboo skewer or paperclip works well. Glue the
object to the servo arm and make sure it-s firmly attached (see Eigure 3-14).

Upload the sketch for the safe onto the Arduino Uno and set up the prototype circuit
on the breadboard if you haven- done so already.

Remove any arm attachments from the servo. If the code is running on the Arduino
board and you aren-t pressing the button, the servo should be rotated to the 90
position. Now attach the servo arm so that it isat 90 degree§ position it so that it
won+ push the lid of the box up. When you dial the correct combination and press
the button, the servo arm should rotate to point straight up.

The extended arm of the servo pushes up the closed lid, but how doesit close it again
after it-s open? Create a paper loop that is attached to the underside of thelid asin
Figure 3-15. The extended arm of the servo goesin thisloop and usesit to pull the lid
closed.



Glue a piece of paper
to create a hinge.

FIGURE 3-13 If the lid is not already attached to your box, add a paper hinge.

B

FIGURE 3-14 Extend the servo-s arm by attaching an object like a paperclip or bamboo
skewer.
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FIGURE 3-15 Paper loop so the servo can close the safe




Soldering the Wires

Use the following steps to solder the wires:

1.

Place the potentiometers in their holes in the box. Measure and cut four pieces of
wire that reach from the potentiometer farthest from the Arduino Uno to the next
nearest potentiometer. Cut them about an inch longer than you need. Strip about » |l
from the end of each wire. Repeat and cut awire that reaches from the middie
potentiometer to the one closest to the Arduino Uno (see Figure 3-16). These wires
connect the outside legs of the potentiometers to each other.

Cut two pieces of wire that reach from the outside legs of the potentiometer closest to
the Arduino Uno to the 5V and GND pins on the board. Cut them about an inch
longer than you need and use wire strippers to strip about » Il from each end of the
wires.

Cut a piece of wire that reaches from the closest potentiometer to the connector on
the servo. Cut it about an inch longer than you need and use wire strippersto strip
about » Il from each end of the wires.

ﬁi Remember to solder only with adult supervision. Visit the companion site for videos about how to

solder (wwv. wi | ey. com go/ advent ur esi nar dui no).

Solder the outside legs of the two potentiometers farthest from the Arduino Uno to
each other using the wires as shown in Figure 3-16.

Solder the wires for the potentiometer closest to the Arduino Uno. One of the outside
legs will have two wires soldered to if one from the middle potentiometer and a
wire that connects to the Arduino Uno. The other outside legs of the potentiometer
will have three wires soldered to iff  the remaining wire from the middie
potentiometer, a wire that connects to the Arduino Uno and awire that connects to
the servo.

Measure and cut three pieces of wire that reach from each of the potentiometers to
Pins AO, A1 and A2 on the Arduino Uno. Cut them each about an inch longer than
you need and strip about » Il from the end of each wire.

Solder one end of each wire the middle leg of each potentiometer.

Place the panel mount push button in its hole. Measure and cut two pieces of wire
that reach from the push button to Pin 7 and a GND pin on the Arduino Uno. Cut the
wire about an inch longer than you need and strip about » Il from the end of each
wire.

Solder one wire to one leg of the push button and the other wire to the other leg.



FIGURE 3-16 Soldered components

To summarise;

¢ You will have three wires coming from the middle leg of each potentiometer that will
eventually connect to the Arduino Uno.

e The potentiometer farthest from the Arduino Uno will have one wire connected to
each outside leg that connects them to outside legs of the next potentiometer.

e The middle potentiometer will have two wires connected to each outside leg: awire
connecting that leg to the first potentiometer and a wire connecting it to the last
potentiometer.

e The last potentiometer will have two wires connected to one outside leg and three
wires connected to the other outside leg. The leg with two wires will be connected to
the middle potentiometer and the remaining wire will eventually connect to the
Arduino Uno. The leg with three wires is connected to the middle potentiometer, to a
wire that will connect to the servo and to awire that will connect to the Arduino Uno.

e The push button has one wire connected to each leg. These will eventually connect to
the Arduino Uno.

i
g
Every box will be alittle different. The sizeswill be different, and lids will be looser or tighter. You may
have to be creative to solve engineering problems so that your box opens and closes. For example, you
might need to attach a paper loop on the underside of the lid so that the servo arm catchesit and pulls the
lid down (refer to Figure 3-15).

Why not try making your own paper box? Find an origami book in your library or look online for abox and lid
pattern.



The potentiometers and push button come with nuts and washers that thread onto the base
of the shafts. Remove the nuts and washers and then stick the stems of the potentiometers
and push button through the holes you-ve made in your box. Screw the washers and nuts
back on to secure the components to the cardboard. Add some glue if they still wiggle
around more than you-d like.

Inside the box, build your circuit by connecting the wires to their respective pins on the
Arduino Uno. One of the wires soldered to an outside pin of a potentiometer with three
wires soldered to it should be inserted in 5V; the other one from the leg with two wires
soldered to it should be inserted in a GND pin. Connect the three wires from the three
potentiometersto Pins A0, Al and A2. Connect one wire from the push button to a GND
pin and the other wire to Pin 7. Connect the last wire from the potentiometer leg with three
wires soldered to it to the 5V connection on the servo. Use two jumper wires to connect
the servo to GND and in 9.

Go ahead and test it out! You now have a box with a secret code that automatically opens.
Figure 3-17 shows the completed wiring.

FIGURE 3-17 Completed combination safe




Further Adventureswith Arduino

Now that you have some servo experience under your belt, check out these projects:

e http://playaround. ardui no. cc/ Conponent Li b/ Servo

e http://arduino.cc/en/ pmn Ki . php?n=Tut ori al / Knob

Working with servos and Arduino isjust the beginning of what you can do in the field of
robotics. Check out these amazing robot§  many built using Arduino!

e http://artbots.org/2011/participants/

e http://makezi ne. com proj ects/buil ding-a-sinpl e-ardui no-robot/

o http://ww. nakershed. conl col |l ecti ons/robotics

Arduino Command Quick Reference Table

Command Description

#i ncl ude Command to import alibrary. See also ht t p: / / ar dui no. cc/ en/ Ref er ence/ | ncl ude.
Servo. h Library to control aservo. Seeasoht t p: // ar dui no. cc/ en/ r ef er ence/ servo.
Servo Object for controlling a servo. Seeaso ht t p: // ar dui no. cc/ en/ r ef er ence/ servo.

Servo. attach()| Attach aServo variable to the specified pin. See also ht t p: // ar dui no. cc/ en/ Ref er ence/ Ser voAt t ach.

Write avaueto the servo to tell it what position to move to. See aso

Servo.wite() . .
http://arduino.cc/en/ Reference/ ServoWite.

for Loops over a section of code a certain number of times. See also ht t p: / / ar dui no. cc/ en/ Ref er ence/ For .

AN

Achievement Unlocked: You are successfully combining circuits and code!




|n the Next Adventure*

A few LEDs are good, but lots of LEDs are even better! In the next adventure you find out how to control large
batches of LEDs with small circuit chips called shift registers.




Adventure %

Using Shift
Registers

on your way to becoming an Arduino expert. You-ve tackled all sorts
of things, from motors to potentiometers. You-ve even handled three potentiometers at the
same time. But what about working with more than three of the same thing? One LED is
good, three LEDs are betterf but how about 24 LEDs?

As an experienced Arduino engineer, you might take alook at your Arduino board and
guestion my counting abilities. There aren+ 24 output pins for LEDs on your board?
You-e right! But you can harness the power of special chips called shift registersto
extend the number of outputs, and that-s what you-+e going to do in this adventure.

Code can start getting a little messy when you-+e working with so many outputs, so |-
show you some ways to keep your code tidy and easier to understand.

When you put it all together at the end of the adventure, you will make a carnival-style
light-up sign that spells out your name (or any other word you choose).



What You Need

For the start of this adventure, you need a breadboard, LEDs and resistors. You—e going to
be exploring different ways to light up a collection of LEDs in code. You then find out
what a shift register is and how to use it. You need the following items; the electronic
components are shown in Figure 4-1:

e A computer

e An Arduino Uno

e AUSB cable

e 1 |large breadboard or 2 small ones

e 38 jumper wires

e 16 LEDs

e 162200 resistors

o 2 74HC595 shift register integrated circuits (1Cs)

FIGURE 4-1 What you need for the first part of this adventure
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Integrated circuit (1C) names can be quite long and seem complicated, but they are just holding alot of
little pieces of information. For this adventure, you+e using the 74HC595 shift register, and that-s the set
of numbers and letters that you need to ook for when you buy the part. If you get a chip that has two
lettersin the part number before 74HC595, it-s okay. These are a code for the company that makes the
chip. Chipslike shift registers are made by lots of different companies, so you don-t need to worry if the
chip you are thinking about buying has these two extra letters. Aslong as the chips you buy has the next
set of numbers and letters (74HC595), what you have is good. There may be an additional last letter tells
you what shape or package the chip is. For breadboard circuits, you want it to be N for a DIP (a package
with two rows of legsthat fits into a breadboard). The section —-&etting M ore Outputs with Shift
Registersll explains more about what that means.



Organising Your Code

Code is simply written instructions that a computer can understand. Often, you have to
repeat those instructions. In such cases, you can save time by copying and pasting the
same piece of code multiple times to get the computer to repeat the same set of
instructions. But what if you make a small typo? Maybe you miss a semicolon? The tiniest
mistake can lead to your program not working properly. It can be hard to figure out why it
works the first two times and then fails the third time. Long sections of repeated code can
also make it more difficult to follow what is happening in your sketch. Your code becomes
less readable.

Programmers like to joke that they are lazy and don+ want to do more work than
necessary! So computer scientists who write programming languages spend a lot of time
designing the way instructions are written out, to help minimise the risk of making smple
mi stakes when doing things like copying and pasting code. The following sections
introduce you to some of the techniques you can use to simplify your code.



One easy way to repeat codeisto put the lines of code you want to be repeated into
something called afunction. It-s like giving a name to a set of instructions. You then only
need to write out the name of the group of instructions each time you want them to
happen, instead writing all of the instructions individually.

If you-ve worked through the earlier adventures, you have already been using functions
written by someone else. For example, iIsafunction that controls a
Digital Pin on the Arduino Uno. The function handles all the details of turning on and off
the pin; you just have to call the function. Now you get to start writing your own
functions.

ff?ﬁf

L You-e going to add functions to the sketch in this adventure. You might recall that |-ve talked
about functions beford in particular, the and functions. These are functions just like
the ones you+e going to use in the sketch, but you don- get to give them your own names; they
have to be called and . When the Arduino first starts up, it looks for afunction called

and executes the lines of code in it. It then looks for afunction called and repeatedly
does whatever lines of code arein that function.

It-s always easier to understand a new concept when you get to try it out yourself, so take
alook at the sketch you first worked with in Chapter 1. Open up the sketch by
going to File.  Examples? | 1.Basics. . Blink.

The first thing you need to do is save a copy of the sketch. You-e saving a copy
rather than using the original example because you—+e going to make some changes to the
sketch, so you don+ want to overwrite the example. Save the sketch by selecting File
Save As. Namethefile

Take alook at your new BlinkingFunctions sketch (your copy of the Blink example
sketch). In the sketch, most of the action happensin the function:

/1l the loop routine runs over and over again forever:
voi d |l oop() {

digital Wite(led, H GH); /[l turn the LED on

del ay(1000); /1 wait for a second

digital Wite(led, LOW; /[l turn the LED off

del ay(1000); /1 wait for a second
}
You can create your own function that does the same thing as the four lines of code in the
preceding function. But before you do that, hold fire! There are a couple of

important things | want to highlight about writing afunction first.

A function always has three pieces of information, and you need to type all three of these
before the first curly bracket of each pair (see Figure 4-2).



Any arguments

What kind of data is returned. MName of the function. lloaive smpty i thare arentt any):

int sum {(int numl, int numz, int num3) {
void setup ()} {
int total;
pinMode (7, OUTPUT) ; total = numl + num? + num3;
return total;

All code that is part of the function goes between these,

FIGURE 4-2 The anatomy of afunction

Thefirst piece of information is the type of datathat will be output or returned from the
function. In most of the code you create in this book, thisisjust , meaning that there
isn anything returned. If there is datathat is output or returned from the function, the data
typeislisted instead of . For example, if your function computes an answer as an
integer, the return datatypeis instead of

- You might have noticed that the term keeps appearing before and . Theterm just
means that the function doesn-t return anything when it-s finished. For example, you might write a
function that calculates the sum of three numbers, intending the answer to the calculation returned to the
position where you called the function so you can save the answer in avariable. This variable might be
anint . For functions that simply turn on and off lights, no additional information is needed when the
function finishes, so the return typeis

The second bit of information is the name of the function. The rules for naming afunction
are similar to naming a variable as described in Adventure 2:

You might find the last piece of information alittle hard to find; it-s the round brackets
(also known as parentheses). When there isn+ anything between the first ( and the second

, It means there aren+ any input arguments. You can pass information to a function using
Input arguments; and you see how to do that later in this section.

Return to the sketch and go to the very last line of coddg the one after the closing bracket
of the function. Add the following code, making sure it isn+ inside any other
function. (In other words, make sure that the code you+e adding is not inside the
parentheses or brackets of any other function.)

// turn on the LED for 1 second
/! then off for 1 second

void blinkOnce() {
digitalWite(led, H GH; /1 turn the LED on



del ay(1000); /'l wait for a second
digitalWite(led, LOWN; /1l turn the LED off
del ay(1000); /'l wait for a second

}

You have just created a new function called . It doesn take any input
arguments (because the ( and ) are empty after the function name), and it doesn return
anything (because it lists before the function name). Inside the function, it blinks the
LED on for 1 second and then off for 1 second.

- It-s a good habit to add a comment at the top of your function that explains what the function does. You
canuse// at the beginning of theeach lineor /* and */ at the beginning and end of a paragraph. It
might seem unnecessary when it-s a simple function, but if you always do it, then you- always
remember to add comments for more complicated functions. When you share code that-s well
commented, others will be able to understand it, too.

Next, change the original function so it only calls your new function:

/1l the |l oop routine runs over and over again forever:
void loop() {

bl i nkOnce();
}
Upload the sketch to the Arduino board by connecting your Arduino Uno and clicking the
Upload button. You should see the LED blink on and off just like the original sketch

did in Adventure 1.

Now you~e going to see what functions can really do. You—+e going to add alittle more
code that adds a variable to the function to control the speed of the blink.

Change your function to the following (the changes are in bold):

/[l turn on the LED for tine passed in argunent
/1l then off for time passed in argunent

voi d blinkOnce(int tinme) {
digitalWite(led, HGH); // turn the LED on

del ay(tinme); /1 wait
digitalWite(led, LOWN; /1l turn the LED off
del ay(tinme); /'l wai t

}

By adding a variable between the ( and ), your program is saying that the function needs
some additional information in order to run. Thisis called an argument, and with it you
can pass information directly from one function to another.

This means you need to include an argument when you call inthe
function. Change the function again so it matches the following code:

/1 the loop routine runs over and over again forever:

void [ oop() {
bl i nkOnce(1000);

}



When you add an argument of , the LED should blink on and off just asit did before
onfor 1 second and then off for 1 second.



CHALLENGE

Make the LED blink on for 1 second and then off for 1 second, then on for 5 seconds and off for 5 seconds.
You+ need to call the () function twiceinthel oop() function with different arguments.



Another useful way to organise your code isto repeat something a certain number of
times. For example, instead of going to all the trouble of writing afunction fivetimesin a
row, you can use another piece of code to do it for you. A loop is one way of doing
that.

A loop needs three key pieces of information, as shown in Figure 4-3.
The starting condition.

What needs to be true in order
intias for the loop to continue.
for(i=0; i<10; i++) {

Serial.println( 1 ); What changes each loop

(++ means “add 1").
}

All code that is part of the loop goes between these.

FIGURE 4-3 The anatomy of a loop

Thefirst piece of information is the starting condition. A loop begins with a starting
value for avariable. Thisis usually just atemporary variable that is only used in the
loop. It can be called anything that you would like, but programmers tend to call this
variablei .

The second piece of information iswhat is needed in order for the loop to stop. Thisis
phrased as a or guestion and is often checking if the variable has become too
big. It might be something like

The last piece of information is what happens to the variable after each loop. The variable
needs to get from its starting value to something that causes the loop to end; otherwise it
would just go on forever and your program would never get past the loop. This piece
of information isusually i ++, which simply meansadd 1 toi and save the new number in

again.

Make a new sketch (either by clicking the New button in the Arduino IDE or going to File
_ New) and type the following code:

void setup() {
Seri al . begi n(9600) ;
}



void [ oop() {
int i;
for(i=0; i<10; i++){ // for loop that counts fromO to 9
Serial.println(i); // print the current value of i
del ay(1000); // wait for 1 second

}
del ay(3000); // wait for 3 seconds

}
Upload the code to your Arduino board and then open the Serial Monitor in the Arduino
IDE by clicking on the Serial Monitor button or going to Tools: | Serial Monitor. You
should seethe or loop counting from O to 9 over and over again.

. Try changingi ++ toi +=2. What do you think is happening?




Getting More Outputswith Shift Registers

In the earlier adventures in the book, you built circuits with some essential electrical
components. Things like resistors are the most basic components but you can combine
them with other basic components to form more complicated circuits. However, you don-
necessarily have to spend alot of time (and use up alot of space) building a complicated
circuit. You can sometimes buy a chip that has already been put together for you,
containing more complicated circuits. These chipsare called integrated circuits, or ICs
for short.

Integrated circuits (1Cs) are circuits contained within a single chip. The same circuit can be put into
different shaped chips, called packages. When working with a breadboard, you want what is known a
DIP or DIL package. That-s the shape that has legs that fit into a breadboard.

ﬂ‘: Chips comein different packages. That just means different sizes and shapes. When working with
breadboards, you will want to use components that are dual in-line packages (shortened to DIP or DIL).
They have legs that fit into a breadboard. The other type of component package is a surface-mount
device (SMD). SMD packages are very small and are designed to be easily placed on circuit boardsin
factories. They are much more difficult to usein circuits built at home with breadboards. Most of the
components on your Arduino Uno (all those tiny black rectangles and even the LEDs) are SMD
packages.

A dual in-line package (DIP or DIL) is one possible shape of an IC chip. It has two rows of legs that
can fit into a breadboard.

A surface-mount device (SM D) is one possible shape of an IC chip or other component such asa
resistor. It is made for soldering onto aflat surface without any legs being inserted into holes on a circuit

board.
_ J

You can use multiple chipsin the same circuit to do the same thing over and over. You can
think of 1Cs as being the functions of electronic components.

In this adventure you are going to use an IC called a shift register. The shift register
you use takes three inputs that control what happens on eight outputs. So with just three
pins from the Arduino board, you will be controlling eight different LEDs. Even better,
you can attach a shift register to another shift register in achain. So you can keep adding
eight more LEDs while still only using three pins on your Arduino board!




A shift register isadevice that can control multiple outputs with relatively few inputs. It is commonly
used to control alarge number of LEDs.




How a Shift Register Works

The three inputs that a shift register takes are the cL.ock, the DATA and LATCH.

Clock

The c.ock isthe drum beat of the circuit. Messages are being sent from the Arduino to the
IC. You can think of the Arduino as singing a song with the IC. In order for the IC to be
able to follow along, the Arduino and IC need to sing at the same tempo. The cLock isa
series of HI & and Lo/nvalues (see Figure 4-4) that pulse to let the |C know when new
information is being transmitted, like the drumbeat that lets the | C follow along with the
Arduino.

Signal output by
the Arduino pin

LEAN BF GND e s bt NSRS -yt
time

FIGURE 4-4 The c.ock signa
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Data

The DATA Iswhat you want each of the outputs (LEDS) to be set to, which will be either
HI cHor Low A shift register can control eight LEDs. The Arduino Uno sends the shift
register the value of the LEDs one by one like so:

1. Thefirst LED valueis sent to the shift register from the Arduino Uno. The shift
registers sets the first output pin to be that value.

2. The second LED valueis sent to the shift register. The shift register set the second
output pin to the value that was saved in the first output pin and then sets the first
output pin to the most recent value sent by the Arduino Uno.

3. The Arduino Uno sends athird LED value to the shift register. The third output pin
now is set to what the second output pin was previously set to; the second output pin
Is set to what the first output pin was set to; and the first output pin is set to the new
value.

4. The Arduino Uno keeps sending new values to the shift register. Each time anew
value comes in, the shift register shifts all the previously saved values for each output
pin down to the next pin. The newest value sets the first output pin.

Each time you send the shift register a new value for an output, the previous value gets
shifted to the next output. That-s where the name shift register comes from!

When you have finished sending output values, you need to tell the shift register that you
have finished so it can turn on or off the output pins of the chig  which iswhat L ATCH



does.

L atch

Thefinal input isthe signal that tells the shift register to either listen for more information
or go ahead and output the information it has. Whenthe LATcH pinisiLow thelCis
listening; when it changesto Hi &+, the | C starts doing and the output values are sent out.
When LEDs are connected to the shift register, they will turn on or off according to the
new values stored in the shift register when the L ATcH changes to Hi GH.

Figure 4-5 illustrates how the three inputs work together to control the shift register.

Each time the clock goes from LOW to HIGH,

the value from data is read and stored for the next LED. A value of LOW means the LED will be off
A value of HIGH means it will be on,

and then turns on or off the LEDs when LATCH is LOW.

FIGURE 4-5 How a shift register works




Making the Connectionsfor a Shift Register

Thefirst thing to do is build your circuit. Start by putting your shift register chip on your
breadboard. The chip fits over the gap in the middle of the board. You may need to bend
the legs alittle to get the chip to fit nicely into the holes. Notice that theres alittle dot
printed on acorner or ahalf circle cut out from one end of the chip: thisisthe top of the
chip, and it-s very important that the chip isin the same orientation as the diagram shown

in Figure 4-6.
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,
]

{fl.f
E The legs of the IC can be delicate, so take care when bending them. Also take care when removing the
chip from the breadboard as it can be easy to accidentally bend the legs.

TE @~ s
2 15| LED O
3l Bl DATA (Arduino Pin 11)

LEDs | [4 13| GND

5 2] LATCH (Arduino Pin 8)
6l 11| CLOCK (Arduino Pin 12)

|1 I8 Y

GND | 8 9 | To next shift register (optional)

FIGURE 4-6 Pin-out diagram for the shift register

You are ready to start building your shift register circuit. Figure 4-6 is apin-out diagram
that shows the shift register |abelled with the pin numbers for the chip and shows what
connects to each pin on the chip. Note that the colours correspond to the wire coloursin
Figure 4-7. Now you need to make the first of the connections by following these steps
(don+ connect your Arduino Uno to your computer yet):

1. Use ajumper wire to connect one of the long rows along the bottom of your
breadboard to a GND pin on the Arduino Uno. If your breadboard is alabelled with a
blue or black line or a-, connect it to that row.

2. Use ajumper wire to connect the other long row along the bottom of your breadboard
to the 5V pin on the Arduino Uno.

3. Usetwo jumper wires to connect each of the long rows along the bottom of the
breadboard to the long rows along the top. If your breadboard is labelled, connect the
red or + to the other row with red or a + then connect the remaining two long rows to
each other.

4. Use two jumper wires to connect the short rows connected to Pin 8 and Pin 13 on the



shift register to the long row on the breadboard connected to ground.

5. Usetwo jumper wires to connect the short rows connected to Pin 10 and 16 on the
chip to the long row connected to 5V.

6. Use ajumper wire to connect the short row connected to Pin 14 on the shift register
to Pin 11 on the Arduino board.

7. Use ajumper wire to connect the short row connected to Pin 11 on the shift register
to Pin 12 on the Arduino board.

8. Use ajumper wire to connect the short row connected to Pin 12 on the shift register
to Pin 8 on the Arduino board.

When you-ve finished, your circuit should look like Figure 4-7. Notice the shift register
chip in the middle, facing in the correct direction.

-----------------------
----------------------
------------------------------
------------------------------
ttttttttttttttttttttt

tttttttttttttttttttt
------------------------------
---------------------
---------------------
---------------------
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FIGURE 4-7 First connections for the shift register




Adding LEDs

Now it-stime to add the LEDs. If you have a second breadboard, you might find it easier
to have the shift register on one board and the LEDs on another, but you can also fit
everything on a single breadboard.

Each of the LEDs needs a current-limiting resistor, just like when a LED is hooked up
directly to a pin on the Arduino board. Each output of the shift register is connected to a
current-limiting resistor and then to a LED, which is then connected to ground.

Using Figure 4-8 as a guide, follow these steps to add your LEDs and resistors:

1. Placethe short legs of 8 LEDsin the long row along the top of the breadboard that is
connected to ground.

2. Place each of the long legs of the LEDs into their own short rows on the breadboard
I wherever they easily fit isfine aslong (as nothing else is aready connected to the
row).

3. Place oneleg of aresistor into the same short rows as the long legs of the LEDs.

4. Bend theresistors over the gap in the middle of the breadboard, and insert the free
legs of the resistors into the short row directly on the other side of the gap.

5. Use eight jumper wiresto connect each resistor to an output pin on the shift register
[ pins15and 1 through 7. Use Figures 4-6 and 4-8 as guides.

fritzind

FIGURE 4-8 Thefull circuit for the shift register

Double-check that your connections are correctf go through each step again. When are
you sure everything isin the right place, you are ready to power the circuit by connecting
the Arduino Uno to your computer.

Mg,
E Your chip should never get hot! If it ever gets hot, something is plugged in wrong, so you must remove



the power immediately. The chip might be damaged and may need to be replaced. If it ever makes a
popping sound and even smokes alittle, it definitely needs to be replaced. Be sure to check over your
circuit again and find the mistake before putting in anew chip, or you will just damage the next chip in
the same way!



Create a new sketch by clicking on the New button in the Arduino IDE or going to File
New and enter the following code:

voi d setup() {

voi d | oop() {

}
At the very top of your sketch, beforethe set up() begins, add the following variables:

[/ Pin connected to latch pin (ST_CP) of 74HC595
int latchPin = 8;
[/ Pin connected to clock pin (SH CP) of 74HC595
int clockPin = 12;

[1Pin connected to Data in (DS) of 74HC595
int dataPin = 11;

They are the three pinsfor the L ATcH, c.ock and DATA connections to the shift register.
Next, type the following code between the{ and} of set up():

//set pins to output because they are addressed in the nmain | oop

pi nMbde( | at chPi n, OUTPUT) ;
pi nMode( dat aPi n, OUTPUT) ;
pi nMode( cl ockPi n, OUTPUT) ;

Each of those lines of code set up the pins to be outputs that send out data to the shift
register (as opposed to reading in data).

Lastly, type the following code betweenthe { and} of | cop():

/1 loop through 0 to 256

int i;

for(i=0; i<256; i++) {
/1l turn off the output so the pins don t |ight up
/1l while you re shifting bits:
digitalWite(latchPin, LON;
shi ft Qut (dat aPi n, clockPin, LSBFIRST, i);

/] turn on the output so the LEDs can |ight up:
digitalWite(latchPin, H GH);
del ay(300);

}

Your complete sketch should now look like this:

/1 Pin connected to latch pin (ST_CP) of 74HC595



int latchPin = 8;

/1 Pin connected to clock pin (SH CP) of 74HC595
int clockPin = 12;

/1 Pin connected to Data in (DS) of 74HC595

int dataPin = 11;

voi d setup() {
//set pins to output because they are addressed in the main "Hoop

pi nMbde( | at chPi n, OUTPUT) ;
pi nMbde(dat aPi n, OUTPUT) ;
pi nMbde( cl ockPi n, QUTPUT) ;

voi d | oop() {

/1l 1oop through O to 256

int i;

for(i=0; i<256; i++) {
/1 turn off the output so the pins dont light up
/1 while you re shifting bits:
digital Wite(latchPin, LOW;
shi ft Qut (dataPi n, clockPin, LSBFIRST, i);

[l turn on the output so the LEDs can |ight up:
digital Wite(latchPin, H GH);
del ay(300);

I
& "

“ﬁi You can download the sketches in this chapter from the companion site
(wwv. wi | ey. com go/ advent ur esi nar dui no ).

Upload the sketch to your Arduino Uno. Your LEDs should start turning on and off.




DIGGING INTO THE CODE

b
;

v So what isgoing oninthel ocop() function? Thel oop() function usesaf or loop as described earlier in this

adventure. Inside the f or loop, you call afunction named shi f t cut () . Thisisafunction that the Arduino
knows, and it takes four arguments. In the first argument it sends out a number through the given pin

(dat aPi n), using the pin given in the second argument to send the cLock signal (cl ockPi n). The third
argument uses a keyword to indicate whether the number being sent out starts with the first digit or the last
digit (LSBFI RST). The last argument is the number being sent out. Here the number being sent out is stored in
i, whichis controlled by thef or loop. It startsat i =1 and stops after i =255.

shi ft Qut (dat aPOi n, cl ockPin, LSBFIRST, i);

Beforeshi ft cut () iscalled, thel at chPi n isset to Low This tells the shift register to stop doing and start listening.
The new values for the LEDs are then sent in the shi ft cut () function, and thenthe | at chpri n isset to HI GH. That tells
the shift register to stop listening and start doing. It then turns on and off the L EDs according to the new values it just
received.

You may have spotted something alittle weird in the code. Why doesthef or loop start at 0 and count up to 2567
Doesn-t that seem alittle strange?

Compuiters like to start counting at 0. As humans, we usually skip over 0 and start counting at 1, but O is typically the
starting point for computers. That-s why the f or loop starts at o.

And why are you using 255 as the maximum value? The shift register is controlling eight LEDs. Each LED can either
be on or off, so that-s two possible states for every LED. If a0 represents an LED off and a 1 represents an LED on,
you can describe the on and off states of all the LEDs with a single number. 11111111 would be all the LEDs on.
10000001 would be al the LEDs off except the first and last ones.

These numbers are specia because they don+ use al the possible digits between 0 and 9, but instead only 0 and 1.

Numbers that use all the digits from 0 to 9 are called decimal numbers (what you think of as normal humbers), and
numbers that count using only 0 and 1 are called binary. The number being sent out the dat aPi n is represented in

binary.

The sketch that you just wrote is a binary counter; it shows you in lights how to count from 0 to 255 in binary (0 to
11111111).

A binary number uses only the digits 0 and 1, as opposed to decimal, which uses the digits 0 through 9.

L Binary is also referred to as base-2. Decimal isreferred to as base-10. Y.
Figure 4-9 shows you how to convert binary numbers into decimal numbers. At this point, you don-+t need to worry too
much about thisif learning about different ways of representing numbers doesn-t seem like much fun, but if you like
secret codes and messages, it may be atopic that you will find very interesting.




i ™
To calculate the decimal number that represents a pattern of
LEDs turned on and off: ——
128 % 1
Multiply either 0 or 1 by 2 to the power of the 64 x 0
position of the light, depending if the light is on s
or off. 16x0
Bx1
And then add up all 4x0
those multiplications. 2x1
+ 1x0
170
= =
(i 1 for the lights that are on, )
0 for the lights that are off.
1 0 1 0 1 0 1 0
Position 3 6 5 4 3 2 1 0
Number:
2'=128|2=64 |2°=32 | 2=16 | 2°=8 2= 2'=2 | 2%=1
ho 4

.

FIGURE 4-9 How to convert from a binary number to a decimal number




CHALLENGE

¥ Calculate the decimal number from the bi nary pattern shown in Eigure 4-10.

oO(110( 1T 1071|071

FIGURE 4-10 How would this binary pattern be represented by a decimal number?

i
2
A singledigit in abinary number is called a bit and a group of 8 bitsis called a byte. All computing is
based on bits and bytes. If you-fe interested in learning more, you can start by looking up more
information on bits and bytesat ht t p: // en. wi ki pedi a. or g/ wi ki / Bi t and
http://en. w ki pedia.org/w ki/Byte.




Adding M ore Shift Registers

To add another shift register, you need to put a second |C on the breadboard (if you+e
using a big breadboard) or on a second breadboard (if you-+e using two small
breadboards):

1. Follow the steps you followed earlier to connect the shift register to 5V and GND. If
you are using a second breadboard, be sure to connect the long rows of that
breadboard to the long rows of the first breadboard.

2. Instead of connecting Pins 12, 14 and 11 on the shift register to Pins 8, 11 and 12 on
the Arduino Uno, connect Pins 11 and 12 of the second shift register to Pins 11 and
12 on the first shift register. This connects LATCH and cLock from the first shift
register to the second one, as shown in Figure 4-11.

3. The DATA for the second shift register doesn+ come from the Arduino board, but from
Pin 9 of the first shift register. Use ajumper wire to connect Pin 14 of the second
shift register to Pin 9 of the first shift register.

4. Follow the same steps in the -Adding LEDsIl section for adding the LEDs the first
shift register to connect 8 more LEDSs to the second shift register.
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FIGURE 4-11 Adding a second shift register

When your circuit is built, you need to change your sketch so that it controls two shift
registersinstead of only one. Make the changes shown in bold to the | oop() function of
your sketch:

voi d 1 oop() {
/1 1oop through 0 to 256
int i;
for(i=0; i<256; i++) {
/[l turn off the output so the pins don t |ight up

/1 while you re shifting bits:
digital Wite(latchPin, LOWN;

/'l send to second shift register
shi ftQut (dat aPi n, cl ockPin, LSBFIRST, i);
/1l send to first shift register
shi ftQut (dat aPi n, cl ockPin, LSBFIRST, i);



/1l turn on the output so the LEDs can |ight up:
digital Wite(latchPin, H GH;
del ay(300);

}
}

Upload the sketch to your Arduino Uno and watch al 16 of your LEDs turn on and off.



Building Your Namein Lights

Different electrical components can perform the same function but look very different
from each other. LEDs are an example of this; for example, you can use LEDsin different
colours without having to change the circuit, although you still need a current-limiting
resistor and a connection to a positive voltage and ground.

LEDs are measured by their width and you can aso buy them in different sizes. You are
probably using 5mm LEDs but you can get them is all sizes so you might like to try them
in 3mm or 10mm. The 10mm LEDs work nicely in this project, but you can use whatever
size and colour that you think looks good.

In this project you can light up as many as 24 LEDs. You can decide how you want to
arrange those LEDs and use them to embellish a carnival-style letter sign. You—+e going to
create your own design for afantastic sign and put your name in lights (see Figure 4-12).
You can choose what you-d like to spell. It can be your name (or just initials if your name
Is quite long) or any other word® like LED!

FIGURE 4-12 Your name (or any other word) in lights!

You will choose what |etters you would like to make and cut them out of cardboard. Then
you can decide where you want to place the 24 LEDs and add them to your letters.

JIDER

You can watch avideo of how to build a carnival-style letter sign on the companion website at



www, Wi | ey. com go/ advent ur esi nar dui no.




What You Need

Following isalist of what you need to build your sign. Remember that Appendix A lists
places that you can buy the electronic components shown in Figure 4-13.

e A computer

e An Arduino Uno

e AUSB cable

¢ A breadboard (you may need several if you build alot of |etters)
e 57 jumper wires

e 24 LEDs

o 242200 resistors

o 3 74HC595 shift register ICs (1 for every 8 LEDS)

e Some cardboard (cutting up old cardboard boxes works well)
e Somewire

e Some solder

e Paint or coloured paper for decoration

e A solderingiron

e Masking tape

e Scissorsor autility knife

e A pencil, screwdriver or hole punch

|
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FIGURE 4-13 The electronic components you need to build your namein lights




The circuit for this project is very similar to the one you built earlier in this chapter using
two shift registers with 16 LEDs. You can add up to three shift registers and 24 LEDs. You
need one shift register for every 8 LEDs.

There are alot of connections to make, so use Figure 4-14 as a guide to what should be
connected. Remember, only the lines that intersect with acircle are the wires that are
connected to each other.
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FIGURE 4-14 Circuit schematic for three shift registers




Always check that your circuit is working before you start soldering! Prototype the circuit
with three shift registers. You may need to use multiple breadboards. Follow the stepsin
the -Adding More Shift Registersll section to set up three shift registers. Pin 14 of one
shift register will be connected to Pin 11 on the Arduino Uno. For the other two shift
registers, Pin 14 on both of them connect Pin 9 of the next shift register. Use Figure 4-11
as aguide and add athird shift register to the second shift register in the same way you
connected the second shift register to the first shift register. Connect eight LEDs to each of
the shift registers using the steps in —Adding the LEDsIl section.



Create a new sketch by clicking on the New button in the Arduino IDE or going to File
New. Type the following code to begin writing your sketch:

voi d setup() {

voi d | oop() {

}
At the top of the sketch, beforethe set up() , add the following variables:

[/ Pin connected to latch pin (ST_CP) of 74HC595
int latchPin = 8;

[/ Pin connected to clock pin (SH CP) of 74HC595
int clockPin = 12;

[1Pin connected to Data in (DS) of 74HC595

int dataPin = 11;

/1 nunber of shift registers used
i nt nunRegi sters = 3;

[l first pattern to be displayed
int patternl = 85;

/1l second pattern to be displ ayed
int pattern2 = 170;

Insideset up(), set the pin modes and call afunction, set LEDs (), that you will write | ater.
Add the following code:

//set pins to output because they are addressed in the nain | oop

pi nMbde( | at chPi n, OUTPUT) ;
pi nMbde(dat aPi n, OUTPUT) ;

pi nMbde( cl ockPi n, QOUTPUT) ;

/] start with all LEDs off
set LEDs(0);

Insidethe | oop() typethe following code to send a blinking pattern to the LEDs:

/1l turn on LEDs in the pattern 01010101
set LEDs(patternl);

/'l wait 1 sec

del ay(1000) ;

/[l turn on LEDs in the pattern 10101010
set LEDs(pattern2);



// wait 1 sec
del ay(1000) ;

The only function missing istheset LEDs () function. Thisis anew function that you
writing it isn+ included in the Arduino IDE. Type the following code after the | oop()
(aefter the } ) and you can read more about what it is doing in the Digging into the Code
Sidebar:

/'l sends pattern to shift register for

/1 which LEDs to turn on and off

void setLEDs(int lightPattern) {
/] turn off the output so the pins don t |ight up
/1l while you re shifting bits:
digital Wite(latchPin, LOW;

int i;

for(i=0; i<nunRegisters; i++) {
/'l sends out the pattern once for each shift register
shi ft Qut (dataPi n, clockPin, LSBFIRST, |ightPattern);

/1l turn on the output so the LEDs can |ight up:
digital Wite(latchPin, H GH;
del ay(300);

}

Following is the full sketch, but you can also download it from the companion site at
www. Wi | ey. coni go/ advent ur esi nar dui no.

[/ Pin connected to latch pin (ST_CP) of 74HC595
int latchPin = 8;

/1 Pin connected to clock pin (SH CP) of 74HC595
int clockPin = 12;

/1 Pin connected to Data in (DS) of 74HC595

int dataPin = 11,

/1 nunber of shift registers used
i nt nunRegi sters = 3;

[l first pattern to be displ ayed
int patternl = 85;
/1l second pattern to be displayed
int pattern2 = 170;

void setup() {
//set pins to output because they are addressed in the main |oop
pi nMode( | at chPi n, OUTPUT) ;



pi nMbde(dat aPi n, OUTPUT) ;
pi nMbde( cl ockPi n, QUTPUT) ;

[/ start with all LEDs off
set LEDs(0);

voi d | oop() {

/1 turn on LEDs in the pattern 01010101
set LEDs(patternl);

/'l wait 1 sec

del ay(1000) ;

// turn on LEDs in the pattern 10101010
set LEDs(pattern2);

/] wait 1 sec

del ay(1000);

/'l sends pattern to shift register for

/1 which LEDs to turn on and off

d setLEDs(int lightPattern) {

[l turn off the output so the pins don t |ight up
/1 while you re shifting bits:

digital Wite(latchPin, LOW;

VO

int i;

for(i=0; i<nunRegisters; i++) {
/'l sends out the pattern once for each shift register
shi ftQut (dat aPi n, cl ockPin, LSBFIRST, |ightPattern);

/1l turn on the output so the LEDs can |ight up:
digitalWite(latchPin, H GH);
del ay(300);

}

Connect your Arduino Uno to your computer and upload the code. Your lights should start
flashing.




DIGGING INTO THE CODE

The variables at the top of the code and most of the set up() should look familiar to you; they are the same
aswhat you used earlier in this adventure. There is one new variable: nunRegi st er s. Itiscurrently set to 3,
but if you would like to use fewer shift registers, you can change it to the number you are using.

Theres also anew function: set LEDs() . Thisfunction is defined underneath | oop() . It takes one argument: the
pattern of LEDsto light up (pat t er n1 or pat t er n2).

The pattern is described by a decimal number. For pat t er n1, it isthe number 85 in decimal, which is 01010101 in
binary, so it turns on every other LED of each set of eight LEDs. The other LED patternispat t er n2, whichis 170 in
decimal or 10101010 in binary. It isthe opposite of pat t ern1f it turns on the LEDs that were off in pat t er n1 and

turns off the LEDs that were on. So when the LEDs alternate between pat t er n1 and pat t er n2, it creates a flashing

attern.
tern .
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Want your sign to light up in a different pattern? It-s not too difficult to create your own. Write out the
pattern as a sequence of eight Os and 1s and then cal culate what that number would be in decimal. You
can also use an online calculator to help convert between binary and decimal; try

www. mat hsi sf un. cont bi nary- deci mal - hexadeci mal - converter. htm Or

www. bi nar yhexconverter. coni bi nary-to-deci nmal - converter.




Making the Lights

Your first and biggest decision isto choose the letters you will create. Remember, you
only have 24 LEDs to decorate your signs with. You need to decide what |etters you
would like to make and where the LEDs will be placed.

1. Traceyour letters onto cardboard. Cardboard from old boxes works well. Use a pair
of scissors or a utility knife to cut out the letters.

2. If you want to decorate your letters with paint or paper, go ahead and do that now.

3. When any paint or glue used to decorate your letters are dry, use atool to poke a hole
in the cardboard letters where you want to place each LED. A pencil or screwdriver
can work well. Make sure the hole is just big enough to snugly hold the LED in
place. At this point you-e just determining the placement of the LEDs. You insert the
lights into the holes after you have the wires soldered. You should now have letters
similar to the ones in Figure 4-15.

LB

FIGURE 4-15 Cardboard letters with holes for LEDs




Soldering the Wires

Use the following steps to solder your circuit:

1. Solder aresistor to thelong leg of each LED. Twist the legs of the resistor and LED
together so that they don+ easily come apart and then solder them.

ﬁi Always have an adult nearby when you are soldering. Adventure 2 has some more tips to help you stay
safe when you solder.

2. Placethe LEDsin their holesin the cardboard letters. Bend the short legs of each of
the LEDs towards the next LED (use Figure 4-16 as a guide). If the short leg of an
LED doesn+ reach the LED next to it, cut a piece of wire that reaches from that LED
to the next. Solder either the wireto each LED or the short leg of the first LED
directly to the next. Repesat for all the LEDs. You should have one short leg of an
LED left on each letter. The rest of the short legs of the LEDs should be connected to
each other.

3. You use a breadboard to connect your shift registers to the LEDs and the Arduino
Uno. Decide where the breadboard and Arduino Uno will be placed. They could be
taped to the back of aletter or could rest on the table next to the | etters.

4. Cut 24 pieces of wire that reach from each of the resistors soldered to the LEDsto the
breadboard. You might want to hide the wires by taping them along the back of the
letters, so be sure to cut them long enough for that if that-s what you would like to do.

5. Strip about » Il from each end of all the wiresyou just cut. Solder each wireto its
LED.

6. Cut awire that reaches from the remaining short LED leg on each letter to the
breadboard. You need one for each |etter.

7. Strip about » Il from each end of the wires you just cut. Solder each wire to its short
LED leg on each letter.



